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Special Report: Four-part special: ADC chip converts 


Rf, GHz instruments Designing signal paths eight bits in 
soar in brainpower for high-speed data less than 1 us 
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To meet MIL-STD1553A 
youre going to need some 


“SMARTS” 




























Announcing COM 1553A SMART, 
the first LSI communications device 
compatible with MIL-STD-1553A. 


Need to provide an interface between a parallel 8-bit bus and a 
MIL-STD-1553A serial bit stream? All you need are some 
SMARTs from Standard Microsystems. 

COM 1553A SMART (Synchronous Mode Avionics Receiver / 
Transmitter) is a special-purpose COPLAMOS® N-Channel 
MOS/ LSI device. It’s a double-buffered serial / parallel and 
parallel/serial converter that provides all the necessary “hand- 
shaking” between a Manchester decoder/encoder and a micro- 
processor. Plus it handles the 1553A protocol for both a bus con- 
troller and remote terminal. 

Our new SMART joins a long list of successful innovations 
from ‘Standard Microsystems in MOS/LSI communications 
devices. In 1971, we introduced the COM 2017 asynchronous 
UART. That was followed by the first bisynchronous USRT, the 
COM 2601 in 1973 and the baud rate generator family in 1975. 
In 1977, our COM 5025 became the industry’ first single-chip 
SDLC/ HDLC device, 

Timely innovations like these have made us the world’s largest 
manufacturer of MOS/ LSI communications circuits. And they’ve 
established Standard Microsystems as a leading innovator in 
the rapidly growing MOS industry. 

Get SMART. Return the coupon for a detailed 
COM 1553A data sheet. Or call (516) 273-3100; 
TWX 510-227-8898. 
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Tell me more about your SMART. 
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ANITA ce a PONE 
Address 
City/State/Zip 

My MOS/LSI area interest is 


STANDARD MICROSYSTEMS 
A 


35 Marcus Blvd.. Hauppauge. NY. 11787 
(516) 273-3100 TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 
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Stepped-up vitality Quality in a neater packag 


Dale Transformers ee Dale Inductors deliver mil-type quality in 
are being designed into more ' _— a uniform roll-coated commercial style 
power supplies every day : IR). You get extra durability, machine 
Reason: Competitive pricing (oe insertability and highly competitive 
backed by solid engineering c* A pricing. Add molded (MIL-C-15305D), 
Support. Our growing power 4 ™ 4 shielded, and high current styles 
transformer line gives you the | Sehiti plus a wide choice of toroids. 
functions you need in PC-mount styles Result: A high volume 

from .75 to 10 watts plus solder lug styles to inductor source you should 

250 VA. All made to UL specifications. For know more about. 

information or prototypes, phone 605-665-9301. Phone 605- 665-9301 
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The many faces of Dale. — 


Get to know them better. DALE. 


DALE ELECTRONICS, INC., Box 609, Columbus, Nebraska 68601 Subsidiary Of The Lionel Corporation 
IN CANADA: Dale Electronics, Ltd. IN EUROPE: Dale Electronics GmbH, 8031 Puchheim, West Germany 
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News 
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Late News 

Universal uP development system changes target quickly. 
Support requirements shape up for 16-bit uPs. 

UPs push data-comm as protocol decisions stall. 
Ultra-small metallized-film capacitors use laser trimming. 
Switcher designs advance despite ‘imperfect’ components. 
Intel steps up uP competition with 32-bit chip set. 

5.25-in. Winchesters boost density with thin-film media. 
Washington Report 


52A International Section 





Technology 


63 


79 


85 


Special Report: Connections for high data speeds. 


Moving high-speed digital signals from point to point in logic 
circuits requires interconnecting techniques that allow impedance 
matching and crosstalk control. 


ATE finds dynamic faults in real time (cover). 


Dynamic faults that escape ordinary automatic test equipment are 
pinned down by two powerful algorithms that compare a known- 
good board to the unit under test to isolate faults. 


Monolithic 8-bit ADC matches micro speed. 


With a conversion time of less than a microsecond, a self-contained 
successive-approximation analog-to-digital converter interfaces 
directly with microprocessors for maximum system throughput. 
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95 


105 


113 


Transmission-line methods speed 1-ns data along. 


When switching rise times get faster than 1 ns, switch from 
conventional open wiring to impedance control by transmission- 
line technology and to crosstalk control by shielding and guiding 
the signal paths. 


Conductive-elastomer applications abound. 


Conductive elastomers can be the solutions to many problems—but 
not understanding their chemical, electrical and mechanical 
properties could lead to new problems. 


Software eases a hard task—wire-routing ECL. 


The automated placement and wire-routing of ECL for printed- 
circuit boards can upgrade existing computer designs with an 
economical investment of software and time. 
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119 Design equipment to run silent, run cool. 


129 


Designing electronic equipment that runs cool yet quiet requires 
more than choosing low-noise air movers. Aerodynamic design 
factors count. 


Ideas for Design: 


Thin-film resistor network stretches ADC performance. 
Eliminate overrange ‘hangover’ in autozeroed ADCs. 
ROM-resident software self-tests microcomputers. 





Products 


141 


174 


Focus on microwave and rf instruments. 


Spectrum and network analyzers, counters, signal sources and 
power meters place new-found intelligence and more sophisticated 
circuits at the convenience of users. 


Analog Circuits: Data-acquisition system fits in 40-pin DIP. 
Sample-and-hold amp acquires data in 1 ws. 

Control system adds on minicassette drives. 

Dual-channel amp matches precision specs. 

Ceramic DIPs cut v/f converter costs. 

Digital Circuits: CMOS octal circuits challenge bipolar. 
Low-power LCD drivers handle dot displays. 

Packaging & Production: Standard parts customize backplane. 
ZIF side-guides reduce board stress and friction. 
Instruments: 9-channel chart recorder corrects pen offsets. 
Microsystems: Single-board computer uses dual clock. 
Communications: Tester gives go/no-go to isolate faults. 


Materials 218 Peripherals 
Computers 220 Design Aids 
Components 226 New Literature 
Subassemblies 
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Coming in the July 5 issue: 

Special Report on power semiconductors ... Tips on choosing a power 
source ... A new uC bus comes on the scene ... Designing an IC module 
to perform the Fast Fourier Transform ... Working with Hall-effect 
switches ... A new tool for digital circuit analysis. 
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Cover: Equipment photo courtesy of 
Fluke Automated Systems. 


119,988 copies of this issue printed. 
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Ask us 


anything about 
Centigrid Relays. 
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When we first introduced our Centigrid® relays, people had all kinds o 
questions. About their ultra low power and low profile. About their 
Established Reliability level of MIL qualification. Or the subminiature 
package which took up so little board space 

But we're sure you still have a lot of unanswered questions on your 
mind. So go ahead and ask them. There are no dumb questions. 


the most rugged military get its excellent 
subminiature relay on ~ RF characteristics? 


he market? 
the ma : How can I obtain prototype 


How does its pin pattern quantities quickly? 
improve reliability? 


Sorry. You missed my question. Here it is. 


State 


“© TELEDYNE RELAYS 


Ask us anything, There are no dumb questions. 
Mail to: TELEDYNE RELAYS 12525 Daphne Ave., Hawthorne, California 90250, (213)777-0077 
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As if design engineers don’t have enough to do, anew 
area beckons for their expertise: production testing. 
Remember when automatic test equipment was strictly 
the province of the production engineer? That was before 
devices got too complex for anyone but a design engineer 
to set up tests for the completed product. And, the 
testability of a design is becoming almost as important 
as performance-raising innovations. 

Instruments Editor Jonah McLeod points out that the 
Fluke tester on this issue’s cover is part of anew 
generation of testers for LSI-based boards that will 
command more and more of adesigner’s attention. The 
Fluke tester, with its ability to pinpoint sources of soft 
failure on uP-based boards, is programmed to select the 
most appropriate route to fault identification— 
information that the designer can best provide. 

“Almost everyone I confer with at Fluke, Tektronix, 
HP, Fairchild and the like talks about the growing role 
of the design engineer, and how their systems have to 
be tailored to allow the design engineer easy entry into 
the test-setup procedures,” says McLeod. 

Galen Wampler, Instruments Market Specialist at 
Dataquest (Cupertino, CA) adds the view that 
computer-aided design techniques will increasingly be 
tied into ATE not only for developing the test programs 
but even for deciding whether the product being 
developed is testable. At the same time, growing at about 
a 25% compound annual growth rate, board testers have 
become a veritable hotbed of activity in an area 
(instruments) where 10 to 15% growth rates usually 
bring smiles. 

In the face of all that growth, ATE manufacturers will 
be turning more and more to design engineers for feedback 
on what they need. And to provide the answers, design 
engineers will be enlarging their scope to include more 
and more of the total equipment-production process. 
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You're only as smart 
as your next 


floppy disk controller. 
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Your new design is a work of genius. Why Both Supercomponents offer you 20-bit ad- 
ruin it with a dumb floppy disk controller? Or dress space, an AmM9517 DMA, automatic check 
one with half a brainP Get a Supercomponent. on startup, and automatic system boot. Both 


prnomens gs a Ta, isa job 
world ee 





work like a charm with 8-bit and 16-bit systems. 


: ercomponents! 
floppy disk controller. The pret yo and Am95/6110 are the 
The Am95/6120 has its very own 80854. newest members of our Supercomponent family. 
That's the most powertul CPU on any floppy Supercomponents are LSI-intensive boards 
disk controller board. It’ll take a real load off built to save the serious designer a whole lot of 


your system's CPU. 


time and money. They are changing the make- 


And the Am95/6120 has more than brains. —_or-buy rules. Here’s why: 


It has brawn too. It can handle up to four 8-in. 


Supercomponents are absolutely state of the 


or 5%-in. floppy disks. It can do double density, yt. They are designed in like components and 


as well as single. One side or two. : they think like VLSI. All are plug-in ready. All 
No other floppy disk controller inthe industry are iSBC80 compatible and have a Multibus* 


even comes close. Except one. 


And, of course, we have a complete family of 
CPU boards, peripherals, enclosures, power 


Meet the Am95/6110. supplies, card cages, and software. 


It has the same brain as the Am95/6120. But If youre thinking about buying a floppy disk 


a little less brawn. 


controller, call Advanced Micro Devices and get 


It drives up to four 8-in. floppy disks. Single _ the floppy disk controller that thinks. Get a 
density only. Single or double sided. Supercomponent. 





"iSBC and Multibus are trademarks of Intel Corp. 


Advanced Micro Devices c' 


901 Thompson Place, Sunnyvale, CA 94086, (408) 732-2400 


Advanced Micro Devices 

Mail Operations, PR O. Box 4 
Westbury-on-lIrym, Bristol BS9 3DS 
United Kingdom 


Your Supercomponents sound really super. Send me 
all the facts. 
Personal Name 
Personal Title 
Company Name 
Town (with postcode) 
Country 


6/21/80/ED 


Advanced Micro Devices e France: European Marketing Centre, 27, Boulevard Général-Vautrin, F-06400 Cannes. Tel: (093) 43.60.75, Telex: 470966 » Silic 314, Immeuble Helsinki, 74, 
rue d'Arcueil, F-94588 Rungis Cedex. Tel: (01) 686.91.86, Telex: 202053. Belgium: Avenue de Tervueren, 412, bte 9, B-1150 Bruxelles. Tel: (02) 771.99.93, Telex: 61028. 
Germany: Rosenheimer Strasse 139, D-8000 Muenchen 80. Tel: (089) 40 19 76, Telex: 523883 * Harthaeuser Hauptstrasse 4, D-7024 Filderstadt 3. Tel: (07158) 6 26 30, Telex: 721211. 
Italy: Centro Direzionale, Palazzo Vasari, 3° Piano, |-20090 MI2-Segrate. Tel: (02) 215 4913-4-5, Telefax: (02) 656878, Telex: via Milano P.O. 311250PPMI. 

United Kingdom: A.M.D. House, Goldsworth Road, Woking, Surrey GU21 1JT. Tel: Woking (24862) 22121, Telex: 859103. 





Japan: Dai 3 Hoya Blidg., 8-17, Kamitakaido 1-chome, Suginami-ku, Tokyo 168. Tel: (03) 329-2751, Telex: 2324064. 
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lOO Pieces 
$4.50(10-49) 


For demanding industrial 

and commercial applications, 

where low-cost and high-performance 

are critical; model SBL-1 will fill your need. 


Model SBL-1 


metal case, non hermetic-seal 
Frequency Range. MHz 


Don't let the low price mislead you. As the world’s number 

one manufacturer of double-balanced mixers, Mini Circuits’ 

has accumulated extensive experience in high-volume production 
LO_1-500__RF_1-500__IF_OC-500___ and testing, a key factor in achieving a successful low cost/high per- 


Conversion Loss, dB Typ. Max. formance line of products. 


One Octave from Band Edge 5.5 7.5 é 
Total Range 65. BS The tough SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and 


. . isolation greater than 40 dB. Only well-matched, hot-carrier diodes and ruggedly constructed 
Isolation. dB Typ. Min. 9 ‘ ‘ 
L Band E RF transmission-line transformers are used. Internally, every component is bonded to the header 
Bone Ree eat < for excellent protection against shock, vibration and acceleration. 
Mid Ran 9 LO-RE Here are some of the steps taken to ensure quality: Every SBL-1 is RF tested two times, every solder 

oi LO-IF oe connection is 100 per cent inspected under a high power microscope, all transformer leads are 
double-wrapped, and all components are rated for more than + 85°C operation. 

Upper Band Edge to LO-RF 25 Of t lies to th it 
One Octave Lower _LO-IF 30 course, our one-year guarantee applies to these units. 


Signal. 1dB Compression Level +1dBm 
Impedance. All Ports 50 ohms bie.B Mi 
j ; World's largest manutacturer of Oouble-Balance Ixers 
Electronic Attenuation Min (20mA) 3dB a = Py s 
Mini-Circuits 
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 TTT lAei|-lelting. me \-(o)-7 bee) ad 
BYolaat=ton drome: Vale mm lahi-iaat-erelal-|Mma-1(-> am P-sor- oO Mm latc-\dat-tilelat- 1mm k-)(-) ano Y40Rielc) AO IUIHTola Mel iecvoll =a] Cilom @Colaslelelal=tal Mm Orelae 21 Rev I 
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Reviving productivity—I 


Shrinking U.S. productivity weighs heavily 
on everybody’s mind these days. Outputs are 
down, other nations are out-competing us, 
service and government jobs take up 70% of 
the work force, and—most disheartening of 
all—the American worker shows increasing 
signs of not believing in work. 

Fifteen years ago, about half the American 
workers found some personal fulfillment from 
their jobs. Today, less than one-quarter do, 
according to Daniel Yankelovich, president of 
a highly regarded public-opinion research 
house and a leading commentator on work 
attitudes. Two decades ago, 58% thought that 
hard work paid off. Now, only 43% think so. 
Of all Americans working today, a mere 13% 
find working more meaningful—much less 
more important—than leisure-time activities. 

Instead of taking the conventional route to 
spurring national productivity—stimulating 
capital investment and new technology— 
Yankelovich sees motivating the human 
resources as the key. But not with 
conventional incentives, like more money. 
Money simply isn’t persuasive in times of high 
inflation, when people sense that the national 
standard of living has stopped rising, and 
when a pervasive feeling exists that job 


security should be a guaranteed right. 

Correctly rejecting the notion—born out of 
frustration—that a good depression will bring 
back old insecurities and so revive the 
American work ethic, Yankelovich calls for 
recognizing the broad diversity of workers, 
analyzing how they’ve changed, and then 
tailoring a system of customized, individual 
incentive programs. This sounds good—up to 
a point. 

For one thing, what happens when a worker 
changes jobs, and then must adjust toa 


- completely new set of “customized” 


incentives? What happens when those 
responsible for formulating and maintaining 
the incentives leave for greener pastures? Will 
the replacements continue the established 
incentives program or will they feel compelled 
to add their own personal touches? 

Furthermore, the cost of such programs, 
which would inevitably lead to creating new 
industrial bureaucracies of highly paid 
specialists, could easily prove greater than 
simply providing better-than-inflation wage 
hikes. 

Perhaps it would be better to learn from 
the experiences of other, more productive 
societies—Japan’s, for instance. 
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Reviving productivity—l 


Japan, as is well known, is a phenomenal 
success story. It stands second to none in 
producing steel, ships, photographic 
equipment, cars, bicycles and motorcycles— 
and its electronics industry is coming on fast. 
But there’s a lot more to the story. 

Unemployment usually runs at only about 
1 or 2%. The crime rate is the lowest of all 
industrial nations. Personal savings and 
capital investments are double those in the 
U.S. And strikes claim only one-eighth the 
days lost in the U.S. 

Obviously, Japanese management is very 
successful—productivity offers telling 
evidence. But as the other figures imply, 
productivity is just one measure of success. 

Much of the credit for both strong 
productivity and employee well-being is given 
to acenturies-old practice that is still 





predominant: Sushin koyo, or lifetime 
employment. Within the practice, employees 
are hired right out of school. Executives 
usually come up through the ranks, not from 
the outside. And intercompany mobility is 
virtually nonexistent. 

Sushin koyo stimulates and encourages 
productivity and innovation because workers 
know that procedural improvements, 
automation or new equipment will not bring 
layoffs. They know that only transfers within 
the company can result—quite possibly in the 
form of a promotion. 

While it may not be practical to transfer 
one nation’s customs to another, the benefits 
of a management philosophy that builds 
incredibly high employee morale cannot be 
denied. Nor can other Japanese business 
practices that have stood the test of centuries. 
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One Step Beyond the iSBC System 


Introducing iSBX" Multimodule” boards. A whole new 
dimension in configuring single board computers. 


Intel pioneered the concept of 
flexible microcomputer system design 
in 1976. That’s when we began 
introducing iSBC™ systems, a family 
of single board computers. These 
are expandable via the Multibus™ 
interface, presently accepted as 
the industry standard for micro- 
computers. 

Now Intel has extended this 
well-accepted concept to board-level 
design — with Multimodule™ boards 
and the iSBX™ bus. With this new 
line of plug-in modules, you can now 
expand iSBC systems simply and 


efficiently at the board level. Without 


making any demands on the system 
structure. And all at much lower cost 
than was previously possible. 
Multimodules let you add special 
performance features today to your 


iSBC host board—features like high- 


speed math functions. And serial 

or parallel I/O. Soon you'll also be 
able to add Multimodules for D-to-A 
and A-to-D conversion, communi- 
cations, and peripheral interfaces — 


and more. With these modules, you’ll 


be able to precisely tailor hardware 
configurations to your application, 
and cut down critical development 
time. 


The iSBX™ launch pad 






The key to Multi- _if S ee 


module flexibility is 
the iSBX bus— 

the first physical/ 
electrical interface for direct on- 
board expansion of iSBC systems. 
Available on all future Intel single 
board computers, the iSBX bus 
assures you of compatibility between 
iSBCs and the emerging Mullti- 
module product line. 





You can also count on improved 
system performance. Since Multi- 
modules tie directly into the iSBC’s 
internal bus, you get faster, more 
efficient memory access and I/O 
operation than is possible with full 
expansion boards. 

For those who want to explore 
their own expansion module designs, 
Intel also offers iSBX 960-5™ con- 
nectors. These let you create custom 
Multimodule boards to meet your 
own unique requirements. 





<> Two new iSBC™ command 


modules 
Intel’s new 8-bit iSBC 80/10B™ 
and iSBC 80/24™ single board com- 


puters are just the first of many iSBCs 


to offer iSBX Multimodule expan- 
sion capabilities. Both are improved, 
iSBX-compatible versions of popular 
single board computers. 


Backed by life-support 
equipment 

To support your implementation 
efforts, Intel provides an extensive 


set of hardware development tools. 


Such as the Intellec® system, with 
ICE™ in-circuit emulation. Or 


CIRCLE 6 





high-level programming languages 
like PL/M, BASIC, and FORTRAN. 
And the RMX/80™ real-time 


software. 


A small step for 
microcomputers 
Intel’s new iSBX bus and family of 
Multimodules represent a small step 
for incremental design of micros. But 
a giant step toward making you and 
your iSBC system more productive. 
Available from Intel today are the 
first three Multimodules, and our two 
iSBX-compatible single board com- 
puters. The next step is up to you. 
For more information, or to 
order, return this coupon or call your 
local Intel sales office/distributor. 
Or contact Intel Corporation, 3065 
Bowers Avenue, Santa Clara, CA 
95051. Telephone (408) 987-8080. 


intel delivers 


solutions. 


Europe: Intel International, Brussels, Belgium. 

Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components, 
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics. 





Please send information on: 

LJ iSBX Multimodule package 
(1 Configuration Guide 
Other 


L] Please have a Sales Representative call. 
Name 

Title/Organization. 

Address 

City/State/Zip 


Phone 


Mail to: Intel Corporation, 3065 
Bowers Ave., Santa Clara, CA 95051. 
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-_CAMBION. 
THE RIGHT 





... over 23,000 different, useful electro- 

mechanical components including SOCKETS: low LSBLET BL EY 
profile sockets, standard profile sockets, 6 to 64 0 A AE EE NE MR SII TE! 
pin sockets, soldertab sockets, wire-wrappable 
sockets, tin-plated sockets, gold-plated sockets 
...and CONNECTOR JACKS: press mount jacks, — 
solder mount jacks, swage mount jacks, thread mount jacks, combination pin jacks. . . 
and IC PACKAGING: Cambi-Cards’*, loaded socket cards, card files, power planes, 
frames, trays ...and TERMINALS: solder terminals, wire wrapost terminals, insulated 
terminals. ..and HARDWARE: standoffs, battery holders, component 

ss clips, handles. ..and COILS: shielded coils, unshielded coils, fixed 
coils, variable coils, custom coils, chokes... and CONNECTOR PINS 
...and CONNECTOR ASSEMBLIES...and...and...and...and... 
Get all the right connections in Cambion’s Catalogs 800 and 121 — the right 
Psources to implement your circuit design and purchasing plans! 


AMBION 
The Right Connection. 


Cambridge Thermionic Corp., 445 Concord Ave., Cambridge, MA 02238. Tel: (617) 491-5400. Telex: 92-1480. TWX: (710) 320-6399. 


New York State (201) 529-1030 Baltimore/Washington (703) 941-5470 Los Angeles (213) 326-7822 
San Francisco (408) 371-0585 Ontario (416) 671-1588 England 0433 20831 
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YOUR CAMBION CONNECTION! 
(Authorized Cambion Distributors) 


AL Huntsville PIONEER ELEX 205/837-9300, POWELL ELEX 
205/539-2731 AZ Tempe RICHEY ELEX 602/894-9251 

CA Gardena BELL ELEX 213/515-1800 Pomona ARROW © 
ELEX 714/1271 San Diego ACACIA SALES 714/565-4365, 
ARROW ELEX 714/565-4800, RICHEY ELEX 714/565-4444 
San Jose RICHEY ELEX 408/946-6611 Sun Valley RICHEY 
ELEX 213/875-2862 Sunnyvale ARROW ELEX 
408/739-3011, BELL ELEX 408/734-8570, POWELL ELEX 
408/739-4321 CO Denver ARROW ELEX 303/758-2100, 
INTEGRATED ELEX 303/534-6121, NEWARK ELEX 
303/757-3351 Wheatridge BELL ELEX 303/424-1985 

CT Bethel HEILIND ELEX 203/797-8600 Wallingford 
ARROW ELEX 203/265-7741, MIDAN ELEX 203/265-2077 
FL Dania SUMMIT ELEX 305/920-6253 Ft. Lauderdale 
ARROW ELEX 305/776-7790 Miami Springs POWELL ELEX 
305/592-3260 Orlando HALL-MARK ELEX 305/855-4020, 
PIONEER/FLORIDA ELEX 305/859-3600 Palm Bay ARROW 
ELEX 305/725-1480 GA Norcross ARROW ELEX 
404/449-8252 IL Chicago BELL ELEX 312/982-9210, 
NEWARK ELEX 312/638-4411 Elk Grove Village 
PIONEER/CHICAGO 312/437-9680 Schaumburg ARROW 
ELEX 312/893-9420 IN Fort Wayne FORT WAYNE ELEX 
219/423-3422 Indianapolis GRAHAM ELEX 317/634-8202, 
PIONEER/INDIANA 317/849-7300 IA Eldridge 

KLAUS RADIO 319/285-8484 KS Shawnee Mission HALL- 
MARK ELEX 913/888-4747 LA New Orleans SOUTHERN 
RADIO 504/524-2345 MD Baltimore ARROW ELEX 
301/247-5200 Beltsville POWELL ELEX 301/937-4030 
Columbia DIPLOMAT ELEX 301/995-1226 Gaithersburg 
PIONEER /WASHINGTON 301/948-0710 MA Burlington 
HEILIND ELEX 617/272-5610 Lexington HARVEY ELEX 
617/861-9200 Woburn ARROW ELEX 617/933-8130, PACER 
ELEX 617/935-8330, TIME ELEX 617/935-8080 MI Ann 
Arbor ARROW ELEX 313/971-8220 Farmington Hills ADVENT 
ELEX 313/477-1650 Livonia PIONEER/MICHIGAN 
313/525-1800, RS ELEX 313/525-1155 MN Edina ARROW 
ELEX 612/830-1800 Minneapolis HALL-MARK ELEX 
612/884-9058, STARK ELEX 612/332-1325 MO Earth City 
HALL-MARK ELEX 314/291-5350 St. Louis OLIVE ELEX 
314/426-4500 NE Lincoln SCOTT ELEX 402/464-8308 NH 
Hudson HEILIND ELEX 603/883-9536 Manchester ARROW 
ELEX 603/668-6968 NJ Camden GENERAL RADIO 
609/964-8560 Moorestown ARROW ELEX 609/235-1900 
Saddle Brook ARROW ELEX 201/797-5800 NM Albuquerque 
ARROW ELEX 505/243-4566, BELL ELEX 505/292-2700 NY 
Binghamton ASI ELEX 607/723-6326 Bohemia CAR-LAC 
ELEX 516/567-4200 Buffalo SUMMIT DISTRIBUTORS 
716/884-3450 Farmingdale ARROW ELEX 516/694-6800, 
ARROW ELEX 516/293-6363 Hauppauge ARROW ELEX 
516/231-1000 Liverpool ARROW ELEX 315/652-1000 Mount 
Vernon QAR ELEX 914/699-2224 Rochester ARROW ELEX 
716/275-0300, SUMMIT ELEX 716/334-8110 NC Greensboro 
PIONEER/CAROLINA 919/273-4441] Winston-Salem ARROW 
ELEX 919/725-8711 OH Cincinnati HUGHES-PETERS, INC. 
513/351-2000 Cleveland CAM/OHIO 216/461-4700 PIO- 
NEER STANDARD ELEX 216/587-3600 Columbus HUGHES 
PETERS, INC. 614/294-5351 Dayton PIONEER STANDARD 
ELEX 513/236-9900 Kettering ARROW ELEX 513/253-9176 
Reading ARROW ELEX 513/761-5432 Solon ARROW ELEX 
216/248-3990 Worthington HALL-MARK ELEX 
614/846-1882 OK Tulsa THE ALTAIR CO. 918/665-0524, 
HALL-MARK ELEX 918/835-8458 OR Lake Oswego BELL 
ELEX 503/241-4115 PA Horsham PIONEER ELEX 
215/674-4000 McKean ADVACOM, INC. 814/476-7774 
Philadelphia PHILADELPHIA ELEX 215/568-7400, POWELL 
ELEX 215/365-1900 Pittsburgh ARROW ELEX 
412/351-4000, CAM/RPC ELEX 412/782-3770, PIONEER/ 
PITTSBURGH 412/782-2300 TX Austin HALL-MARK ELEX 
512/837-2814 Dallas ARROW ELEX 214/386-7500, 
HALL-MARK ELEX 214/234-7300, PIONEER DALLAS 
214/386-7300 El Paso McNICOL ELEX 915/566-2936 
Houston THE ALTAIR CO. 713/462-3029, HALL-MARK ELEX 
713/781-6100, PIONEER ELEX 713/988-5555 Richardson 
THE ALTAIR CO. 214/231-5166 Stafford ARROW ELEX 
713/491-4100 UT Provo OMEGA ELEX 801/375-4664 Salt 
Lake City BELL ELEX 801/972-6969 WA Bellevue BELL ELEX 
206/747-1515 Tukwila ARROW ELEX 206/575-0907 

WI Oak Creek ARROW ELEX 414/764-6600 





AMBION 
The Right Connection. 


Cambridge Thermionic Corp. 
445 Concord Ave., Cambridge, MA 02238 
Tel: (617) 491-5400. Telex: 92-1480 
TWX: (710) 320-6399 





Letters 





One comparison has - 
its signals crossed 


In his article “A Signal Proces- 
sor Fast Enough to Do Real-Time 
Voice-Band” (Feb. 15, 1980, p. 86), 
David Millet made two incorrect 
references to AMI’s 82811 signal- 
processing peripheral. 

He states that the $2811 has a 
parallel-serial multiplier. The 
multiplier is fully parallel, just 
like that in the uPD7720. The 
$2811 advanced product descrip- 
tion has been available for some 
time. The facts also appear in my 
article, “Programmable Signal- 
Processor LSI Rivals Analog- 
Circuit Filters,” in the very same 
issue (p. 137)! 

The claim that the 82811 takes 
1.5 ms to perform a 32-point com- 
plex multiplication is also incor- 
rect. This is the time it takes to 
perform a complete 32-point com- 
plex and expandable FFT, includ- 
ing conditional array scaling and 
all the necessary data manipu- 
lation. By dispensing with the 
conditional array scaling and by 
not expanding the FFT—either 
through time-sharing the proces- 
sor (for minimum hardware) or 
paralleling multiple S2811s (for 
maximum speed)—the FFT could 
be performed in less time. The 32- 
point complex multiplication, 
which is a subroutine in this FFT, 
is in fact executed in approx- 
imately 0.4 ms, compared with 0.7 
ms for the n»PD7720. 

It is misleading to compare the 
relative powers of the two devices 
by comparing cycle speeds, since 
the S2811 instruction cycle is a 
full memory-to-memory (ready- 
modify write) cycle, whereas the 


uPD7720 cycle is not. The power 
of the 82811 cycle is illustrated by 
the second-order digital filter sec- 
tion, which requires four multiply 
and accumulate operations and 
two move operations. The opera- 
tions are performed in five cycles 
in the 82811; the wPD7720 re- 


quires nine cycles. 
Gwyn Edwards 
Telecomm Applications Engineer 
American Microsystems Inc. 
3800 Homestead Rd. 
Santa Clara, CA 95051 


Swept away 


HORIZONTAL SWEEP 
MODUL RATE : HORIZ. 
SWEEP 


HORIZONTAL SWEEP 
MODUL RATE : VERT. 
SWEEP 


VERTICAL SWEEP 
ioe RATE: HORIZ. 





Looking for the sweep signals 
on p. 165 of the story on Hewlett- 
Packard’s new color-graphics 
computer (May 10)? 





Thermal printer works, 
in other words 


A report on the new Gulton 
Microplot 44 Thermal Printer ap- 
peared in your April 12 issue (p. 
238). It contained the following 
misconception of how the Micro- 

(continued on page 16) 


Electronic Design welcomes the opinions of its readers on the issues raised 
in the magazine's editorial columns. Address letters to Editor, Electronic 


Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters under 200 
words. Letters must be signed. Names will be withheld upon request. 
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illuminated switches, 








BLA LTE 


Dialight is the first place to look. We make just about 
any kind of illuminated push button switch that any- 
one could want. . . Single lamp, dual lamp, neon, 
incandescent, LED lighted, you name it. 

Perhaps you’re looking for snap action switches 
with silver or gold contacts, or wiping action switch- 
es with gold contacts for low level application. 

And if you're looking for rear panel or front 
bezel mounting switches, switches with momentary 
Or alternate actions, or high quality switches for 
computer applications, we have them. 

You'll find that Dialight switches are not only 
available at a reasonable price, they’re also avail- 
able with some very attractive features. Lamp re- 
moval is from the front so you don’t have to remove 





Dialight meets your needs. 





n entire switch just to change a lamp. And you 
never have to use anything more complicated than 
your fingers for replacement or installation. 

Along with outstanding variety and design, you 
get superior Dialight quality. Most Dialight switches 
are Underwriter’s Laboratory listed and CSA ap- 
proved. 

And Dialight distributors are widely located 
throughout the United States, Canada and worla- 
wide. 

Call or write Dialight today. We’ll send you our 
free switch catalogs so you can select a quality 
Switch that’s American _ 
made and Dialight guar- DIA LIGH / 
anteed. A North American Philips Company 





Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600 
CIRCLE 8 


Meetings 





Power Engineering Society 
Summer Meeting, July 13-18. 
Radisson Hotel, Minneapolis, 
MN. IEEE, 345 E. 47 St., New 
York, NY 10017. 


Nuclear and Space Radiation 
Effects Conference, July 15-18. 
Cornell Univ., Ithaca, NY. IEEE. 


Quartz Crystal Conference, 
Aug. 12-14. Radisson Muehlebach 
Hotel, Kansas City, MO. K-N En- 
terprises, Inc., 680 S. Rogers Rd., 
Olathe, KS 66061. 


Intersociety Energy Conversion 
Conference, Aug. 18-22. Olympic 
Hotel, Seattle, WA. IEEE. 


Engineering in the Ocean En- 
vironment, Sept. 8-10. Olympic 
Hotel, Seattle, WA. IEEE. 


International Congress on 
Transportation Electronics, 
Sept. 15-17. Hyatt Regency, 
Dearborn, MI. IEEE. 


European Solid-State Device 
Research Conference (ES- 
SDERC ’80), Sept. 15-18. Uni- 
versity of York, York, England. 
IEEE. 


Optical Communication Euro- 
pean Conference, Sept. 15-19. 
University of York, York, En- 
gland. IEEE. 


Electromagnetic Compatibility, 
Conference, Sept. 15-19. Univer- 
sity of Southampton, South- 
ampton, England. IEEE. 


International Symposium on 
Subscriber Loops and Services 
(ISSLS ’80), Sept. 15-19. 
Bayericheoss, Munich, W. Ger- 
many. IEEE. 


International Fiber Optics and 
Communications Exposition, 
Sept. 16-18. Hyatt Regency, San 
Francisco, CA. Information Gate- 





keepers, Inc., 167 Corey Rd., Suite 
111, Brookline, MA 02146. 


Western Electronic Show and 
Convention (WESCON), Sept. 
16-18. Anaheim Convention Cen- 
ter, Anaheim, CA. IEEE. 


Broadcast Symposium, Sept. 


17-19. The Washington Hotel, 
Washington, DC. IEEE. 


Mid-Atlantic Business & Home 
Computer Show, Sept. 18-21. 
D.C. Armory/Starplex, Washing- 
ton, DC. National Computer 
Shows, P.O. Box 678, Brookline, 
MA 02147. 


International Broadcasting 
Convention, Sept. 20-24. Metro- 
pole Conference Center, Brighton, 
England. IEEE. 


Compcon Fall ’80, Sept. 23-25. 
Capitol Hilton, Washington, DC. 
IEEE. 


European Conference on Op- 
tical Systems and Applications, 
Sept. 23-25. Utrecht, The Nether- 
lands. IEEE. 


Joint Power Generation Con- 
ference, Sept. 28-Oct. 2. Hyatt 
Regency Hotel, Phoenix, AZ. 
IEEE. 


Holm Conference on Electrical 
Contacts, Sept. 29-Oct. 1. 
Palmer House, Chicago, IL. 
IEEE. 


Electronics and Aerospace Sys- 
tems Conference, Sept. 29-Oct. 
1. Sheraton National Hotel, Ar- 
lington, VA. [EEE 


Applied Superconductivity Con- 
ference, Sept. 29-Oct. 2. 
Sweeney Convention Center, San- 
ta Fe, NM. IEEE. 


Industry Applications Society 
Meeting, Sept. 29-Oct. 3. 
Stouffer’s Inn, Cincinnati, OH, 
IEEE. 
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TRW Optron 
OPTICALLY COUPLED 
ISOLATORS 


NEW OPI 7000 SERIES 
OFFERS LOW COST, 
HIGH VOLTAGE ISOLATION 


TRW Optron’s new OPI 7000 series 
optically coupled isolators meet the 
designer's requirements for high volt- 
age isolation, yet at a low cost. 

The new series is available from 
stock and includes OP! 7002, OPI 
7010, OPI 7320, and OPI 7340 types. 

These devices feature input-to- 
output steady state isolation voltage of 
greater than 6000 volts in free air and 
greater than 10,000 volts when en- 
capsulated. They consist of a gallium 
arsenide infrared LED coupled with 
either a silicon phototransistor or 
photodarlington in a molded plastic 
package. Standard pin spacing of 
0.300 x 0.100 inch is compatible with 
that of dual in-line sockets. 

Current transfer ratios range from 
20% to 100% for the phototransistor 
versions (OPI 7002/OPI 7010), and 
from 200% to 400% for the photodar- 
lington models (OPI 7320/OPI 7340). 

New OPI 7000 series isolators are 
interchangeable with similar products 
as follows: 


TRW Optron 


OPI 7002 
OPI 7010 
OPI 7320 
OPI 7340 


In addition, TRW Optron’s complete 
line of isolators includes standard de- 
vices in high-rel metal cans and low 
cost DIP and other plastic configura- 
tions for most applications. 

Detailed technical information on 
optically coupled isolators and other 
TRW Optron optoelectronic products 

. Chips, discrete components, 
reflective transducers, and interrupter 
assemblies .. . is available from your 
nearest TRW Optron sales represen- 
tative or the factory direct. 


TRW optron 

A DIVISION OF TRW INC. 

1201 Tappan Circle 

Carrollton, Texas 75006, US.A. 
TWX-910-860-5958 ® 
214/242-6571 


CIRCLE 9 





Let Us Help You 
cesicn 


the Power Transformer 
You Need! 


Let's discuss electrical and mechanical requirements for 
your new power transformer design. Let's talk about 
vibration, shock, temperature, humidity . . . specifically in 
terms of your design needs. 








Would an encapsulated unit be most efficient, or should it 
be hermetically sealed? What are your options for 
mounting hardware? Do you need thru-holes or threaded 
inserts for versatile mounting? 


Our design engineers have many years experience helping 
to create custom designs to meet MIL and other applicable 
specs. Every transformer we build is subject to rigid 
production and quality control procedures to MIL-|l-45208. 
This insures compliance to the electrical and mechan- 

ical specifications. Add to this our design philosophy and 
quality materials, and you get optimum reliability. 


Let us act as your consulting service. Many of 
the nation’s largest industrial and military 
manufacturers already consider ABBOTT as the 
prime source for standard as well as specialty 
transformers. Call now or write for our 

free catalog. 
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See your EEM or GOLD BOOK power transformer sections. 
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Letters 





(continued from page 18) 


plot 44 actually operates: “Using 
any one of the 96 ASCII character 
codes, the device transforms 
digital information into alphanu- 
merics or graphics on a 44 X 22 
character X-Y plot.” 

The correct operation is as fol- 
lows: “The Microplot 44 accepts 
analytical and computational 
data in digital form and can print, 
plot grids and scales, and an- 


notate plots.” 
Sheldon D. Spencer, Chairman 
Spencer, Bennett, Nowak, Inc. 
70 Harborside Dr. 
Providence, RI 02905 





When the prices go 
down, down, down 


We were pleased with ELEC- 
TRONIC DESIGN’S coverage of 
Silicon General’s new SM1400, a 
10-A, 150-W regulator. (May 10, 
1980, p. 272), but have a modest 
dilemma regarding the quoted 
price of $60 (in hundreds). That 
was indeed the arbitrary price we 
retained for occasional quoting 
during the product’s development 
and was valid at the time ELEC- 
TRONIC DESIGN gathered informa- 
tion for the article. Subsequently, 
however, we developed consider- 
ably more manufacturing ex- 
perience and have just made a 
significant revision in the earlier 
price structure, viz., from $60 to 


$17.25 (in hundreds). 


Charles McCarthy 

Vice President 
Marketing and Sales 
Silicon General Inc. 
11651 Monarch St. 
Garden Grove, CA 92641 
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SEMICONDUCTOR NEWS FROM THE PRACTICAL WIZARDS OF SILICON VALLEY. 


Microcontrollers 
and freedom of choice. 


THE COPS” FAMILY IS THE PRACTICAL APPROACH TO MICROCONTROLLER APPLICATIONS. 
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National's small, low-power COPS 
microcontrollers offer superior 
program efficiency and versatility 
in over 21 architecturally 
compatible varieties. 

As every design engineer knows, there 
is always more than one way to do a job 
and do it well. Especially when there are not 
a lot of design limitations imposed by key 
components. 

This is exactly what the Practical Wizards 
at National had in mind when they developed 
their COPS Family of microcontrollers. The 
COPS Family literally surrounds the engineer 
with over 21 different yet architecturally 
compatible microcontrollers to choose from. 

A multi-dimensional array of products. 
Each family member shares a common CPU 
architecture and instruction set that are 
Significantly more efficient than any other 
microcontroller available. 

In order to make the most of this effi- 
Ciency, COPS presents these features in a 
multi-dimensional array of over 21 practical, 
low-cost components (all of which may be 





National announces the new 1980 
Linear, Data Acquisition, Voltage 
Regulator and Audio data books. And 
until Labor Day, theyre all yours 
for $20" complete. 


National, the long-time Linear leader, is 
known for their clear, concise and compre- 
hensive data books. And the 1980 books are 
certainly no exception to the rule. 

Their 1980 Linear Data Book, the analog 
designer's “right-hand man, gives you over 
1200 pages packed with useful, up-to-date 
information on National's broad line of 
Linear components. (The broadest line in 
the industry.) 

And until Labor Day, you can add this 
perennial bestseller to your reference library 
for only $6.00 ($3.00 off the regular price). 

Linear and Data Acquisition —a perfect 
match. If you're into data acquisition and 
control systems, National has you covered. 

From now till September 1, you can get 
their comprehensive Data Acquisition Hand- 
book in addition to the Linear Data Book. 
Two indispensable references for only$10.00 
(a $6.00 saving). 








COPS microcontrollers. 
Practicality runs in the family. 





Linear Data Book 
tops National bestseller list. 


choose from a wide variety of key specs: CPU 
size, fabrication technology (CMOS, low- 
power NMOS, high-speed NMOS), the tem- 
perature range, the voltage range, the 
speed, the I/O options and the package size 
and type. 

In short, the COPS Family offers a truly 
broad range of compatible microcontrollers 
and dedicated peripherals to closely match 
the requirements of each design. 

This is exactly why the COPS Family is 
the much more practical and cost-efficient 
approach fo all microcontroller and many 
uP applications. 


Available now in production quantities. 
Thanks to National's massive production 
capacity all COPS Family microcontrollers are 
currently available in large quantities. 

And as always, all orders for these 
low-cost, low-power COPS components are 
accompanied by National's unequaled docu- 
mentation, plus FAE and factory applica- 
tions support. y 


Me ae 


LPeOPS y 


programmed using National's COP400-PDS 
development system). 
So now the engineer can pick and 





COPS is a trademark of National Semiconductor Corporation. 














But the Practical Wizards dont stop All orders postmarked by Labor Day — 
there. September 1— will qualify for this special 
7A 


The package deal. National is also offer, so don't delay. 
offering a special package deal on a set of “Prices show 66 US ices On 
four valuable references. No technical library s 
would be complete without them. 

And between now and Labor Day, 
National will sell you four of their bestselling 
1980 books — Linear, Data Acquisition, Voltage 
Regulator and Audio — for only $20.00 
complete. That's a full $8.00 off the regular 
Selling price. 

The 1980 Voltage Regulator Handbook 
covers power supply and regulator design all 
the way from the transformer to the heat 
Sinks. 

The 1980 Audio Handbook presents — 
in a single volume — real-world design 
approaches plus the more exotic audio sub- 
jects (such as pickups, phase splitters, fuzz, 
reverb, etc.). 

To get your copies, simply fill out and 
send in this issues National Archives coupon. 
Please indicate the quantities desired and 
include a check or money order for the appro- 
priate amount. 














The LH0O024 and 
LHOO32 op amps— 
the best in 
the business. 


State-of-the-art techniques 
go into the industry's 
only single-package versions 
of these popular high-speed 
Op amps. 


Ever since National began making their 
LHOO24 and LHOO32 high-speed op amps, 
they've been the industry favorites. And for 
good reason. 

For starters, they use state-of-the-art 
thin and thick film technology in making the 
only single package versions of these op 
amps currently available. 

Both the LHOO24 and the FET-input 
LHOO32 offer a very high slew rate 
(500V/psec), a wide bandwidth (70MHz), 
low input offset voltage (2mV), a null 
offset with a single pot, and both are avail- 
able in military and commercial temper- 
ature versions. 

In addition, both are available in versions 
to meet military standard 883 level B specs. 
SO not only are these op amps put through 
special testing and REL processing, they 
are also subject to National's own stringent 
REL and QA standards and procedures. 

These low-priced op amps are ideally 
suited for a variety of high-speed applica- 
tions. Active filters, oscillators, compara- 
tors, Summing amplifiers, sample and hold 
circuits, D/As and A/Ds, and many others. 

Check the National Archives coupon 
for LHOO24 and LHOO32 data sheets and 
assorted application ideas and informa- 
tion. All free from the Practical Wizards oe 
silicon — 





_ 009 LJ ROM MM52116 Data Sheet 
010 (J) ROM MM52132 Data Sheet 
011 (J ROM MM52164 Data Sheet 
015 (1 MST Program Brochure 


021 (1 LHO002/33/63 Information and AN227 
028 LJ Additional COPS Family Information 


036 O Optoelectronics Handbook ($3.00) 
037 OF Additional STARPLEX and ISE Information 


: 035 OD Additional Series/80 Information 


NAME 
; COMPANY 


ADDRESS 


a CMY STATE 


© Copyright 1980 National Semiconductor Corporation 


006 CO Special Functions Data Book ($6.00) 


6000Vsec 
buffer amps drive 


heavy loads. 


The LHOOO2, LHO033, and LHO063 
have been the industry's most popular buffer 
amps for some time now, simply because 
their high-speed special function circuits 
drive the kind of high-capacitive lines that 
can choke typical buffers. And to make 
a great thing even better, National has just 
assembled two brand new documents full 
of innovative applications and other detailed 
information about their buffers. (Check out 
the Special Functions Databook and Applica- 
tions Note 227 on the coupon below.) 

The LHO002/33/63 buffer amps will 
drive up to +500 mA into a 50 a line at slew 
rates from 200 to GOOOV/ sec. 

Nationals laser-trimmed buffer amps 
Solve design problems with high-capacitive 
coax line drivers, video amps, high imped- 
ance input buffers for fast A/Ds and com- 
parators, and diddle yoke drivers. 

The Practical Wizards of the Special 
Functions Group also offer LHOO02/33/63s 
that meet mil. std. 883 level B specifica- 
tions. The multiple testing and REL processing 
performed on these devices complement 
the inherent quality of every buffer amp that 
National produces. ZA 





LHOO32 and LHOO63 used as an isolation buffer. 


038 LJ MM5290 Data Sheet and 
Additional Information 


042 L) LHOO24, LHOO32 Information 


and App Note 
043 1 Memory Data Book ($6.00) 
044 (J 1980 Linear Data Book only 
($6.00)* 


qty__ 

045 LJ 1980 Data Book Package 
(4 books; $20.00)* qty__ 
“Prices effective until September 1, 1980 


Enclose check or money order based upon appropriate currency. Make checks 
payable to National Semiconductor. Allow 4-6 weeks for delivery. 


TITLE 
PHONE 


|| en 


National 
stays ahead of 


ROM demand. 


When it comes to buying ROMs, a pecu- 
liar situation all too frequently arises. 

It seems that most major suppliers of 
ROMs seldom stay major for very long. One 
month they'll produce ROMs like theres no 
tomorrow, but the next month they'll leave 
you high and dry. 

Whether it’s due to a new product push 
or whatever else, it always seems to be 
their ROM production that suffers. And that 
means you suffer, too. 

All because they're just not serious about 
the ROM business. 

National is committed to memory. 
National Semiconductor, on the other hand, 
is fully committed to keeping up with the 
ROM demand. Today, tomorrow, and every 
day thereafter. 

Their large-scale ROM dedicated pro- 
duction facilities offer both consistent supply 
and consistent lead times. 

That's why National is establishing a 
reputation as the industry’s most dependable 
supplier of ROM components. 

And not only can you count on a supplier 
that doesn't shift with the tides, you can also 
count on a fine-tuned support organization 
to back you up. One that’s ready and able 
to answer all of your questions all of the time. 

For further information regarding 
National's supply of ROMs, send in the cou- 
pon below. For samples, contact your local 
sales representative or distributor. 

If you're looking for a consistent, 
dependable ROM supply at very competitive 
prices, come to National. We're lla 
to memory. 


ee 
What's new from the National Archives? 
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Is the WwG80 
a versatile | 
~ connector? _ 













count ne 2700 
_ variations! 


For openers, the WG80 series ore) al al -1e4 (0) amore) pale) a-tos-i ots 
80 contacts into a 3.5” long molded body 

ele ae mounting shoulders) by using three rows 
on .100” centers, eisgge! ed O50". 








Next, it offers any fofolaaleyiar- lire a) of contacts, 

is (1 gualiat-\tcelatceme-lale Mt ole) E-lay4-\ile)atoim (ola = Oil ofel-1a0 Imo) 
Cnassis, Ae board to cable, or chassis to cable 
applications. 


What's more, it’s rugged and reliable. Made with 
highest-quality materials — glass-filled dially| 

fe) a} dar-lr-t¢-mm eleleh\mr-| ple me [o) (ors e)t-1(-10 move) a) t-(e1 meen (al 
ARC Ts] Ooo] ah fo) datt-wn (omni) | Wer @rrelote 0/mur- Tale im ego) ey-le))y 
exceeds your most demanding requirements. 

: After all, it’s from AirBorn. 


— AirBorn, Inc. 


Wide AirBorn Dr. 
Addison, Texas 75001 
(a r-3 ee 2010/0) 





CIRCLE 11 


These are the new high performance 
interface switches for electrically clean, 
photo-isolated (4000V RMS min.), noise-free 
interfacing between CMOS or NMOS 


The new way microprocessors or TTL and any other 


logic-based controllers and the associated 


to ease the pain of devices in your new system. 
microprocessor interfacing. ie Clyde Touch, 


Physically and electrically equivalent and 
pin compatible with older versions offered 
by other manufacturers, the new Crydom 
Series 6 Input/Output modules offer several 
advantages the others can't provide. 





























Higher Output Current. 

All Crydom output modules can control loads 
up to 3.5 Amps @ 45°C as compared to 

3 Amps (or less) for the others. A larger heat 
spreader, thinner case walls and optimum 
thermal conductivity 
encapsulating epoxy 
enable ours to dissipate 
heat faster and run cooler, 
permitting greater current 
handling Capability. 


Buffering: The big design advantage. . 
The others’ output modules require. ‘Speci ae oe 
add-on, external buffering circuits to reduce —_—s™s 
the input drive requirements to a level 
suitable for microprocessor MOS devices. 
The Crydom Touch has eliminated this often  . 
painful exercise. Buffering is built into 
- selected output modules to reduce 
your design time and production — 
costs. And you'll end up with — 

an uncluttered control assembly. 












: protection against circuit noise. 
Aaysteresis factor of 30% provides added — 
protection by blocking out most transient 
signals. The others don't offer this feature. 








A Broad Line. _ 
There is a Crydom Series 6 model to match” _ 
_ every AC and DC Input or Output module 
_ offered by the others, plus inverting and non- 
__Inverting buffered output modules they can't 
Supply. Mounting boards for up to 24 modules _~ 
are available. Send for our new catalog, and 
es the Crydom Touch into your new sys 

















Bottom cover maintains pin dimensional stability 






 ._ Pin compatibility permits direct replacement of other available types 
hinner case walls 
Larger heat spreaders” 






onductive epoxy encapsulation’ 
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MicroEngine Pascal computer gets new support 


The powerful 16-bit MicroEngine Pascal computer system offered by Western Digital’s 
subsidiary MicroEngine Company (Newport Beach, CA), acquires even more versatility from 
two new developments: an interface for the combination hard and floppy-disk storage of the 
Data Warehouse system from Remex (Irvine, CA) and a more modularized multiple-board 
version of the MicroEngine (now in design). 

The Data Warehouse subsystem interface expands the memory with 20 Mbytes 
(unformatted) of fixed disk drive and two 1-Mbyte floppy disk drives for removable storage. 
Data transfers take place at 960 kbytes/s for the fixed disk and 62.5 kbytes/s for the floppy 
disks. The entire subsystem, which is compatible with the UCSD Pascal operating system, 
includes the multiple-drive package, the controller to interface the drives to the WD/90 or 
WD/900 Pascal MicroEngines, and the required cables. 

The ME 1600 computer system—to be unveiled in the late third quarter—is a multipurpose 
16-bit system configured with plug-in boards for simple system expansion and set up. Initially, 
four boards will be available, along with a card cage/power supply and a disk subsystem. 

The four boards will consist of the MicroEngine CPU, a 128-kbyte memory card, a disk- 
controller card and a multiple I/O card (two parallel ports and four serial ports). 

Future support cards for the system will include a data encryption subsystem, a real time 
clock card, analog I/O boards, a Data Warehouse interface and a bus-interface card with 
a breadboard area. The system will also use a proprietary bus structure that will handle 
up to 16 Mbytes of memory. Memory management schemes will permit dynamic reallocation 
of the memory. : 


Raster-scan graphics goes beyond stroke-refresh 


A raster-scan graphics system that offers software compatibility with existing stroke- 
refresh systems plus more capability is coming from Sanders Associates, Inc. (Nashua, NH). 
The Graphic 8 is not only software-compatible with the company’s existing Graphic 7 stroke- 
refresh graphics systems, but also features more screen area, fill capability, color 
discrimination and screen use. 

A digital vector generator uses bit-slice microprocessors for dynamic updates, while dual 
memories allow full screen updates. What’s more, total screen-addressing capability extends 
to an interlaced 1024 x 1024 (using 16-bit addresses). 

Up to eight fully interactive terminals can be linked to a controller CPU. In addition, color 
discrimination is for 256 colors, while 256 levels of the grey scale are available for black and 
white uses. A parallel interface is rated for a half-million 16-bit words per second from the 
CPU to the display screen and, as with the Graphic 7, three-dimensional modules are available. 


GRnetwill handle ATE data-comm 


GenRad Corp. (Concord, MA) has developed an Automatic Test Equipment communications 
network. Tailored for production tests, it accommodates up to 64 systems on a single line. 
The 2291 GenRad Network (GRnet) links a GenRad 2290 multiuser programming station to 
any GenRad in-circuit test system, functional test system or programming station. System 
components are network interface modules (Z80-based microcomputers that interface to the 
host system via DMA; connecting cables for daisy-chaining a network up to 2,000-ft long; 
and system software. 

Atasimple keystroke from the test system’s high-level monitors, GRnet transfers data 
at up to 655,000 bits/s. Throughput is 40,000 bits/s, even when up to four transfers are executed 
simultaneously. GRnet employs Synchronous Data Link Control protocol. 

The 2990 multiuser programming station, with up to 500 Mbytes of disk storage, 
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automatically sends requested test files directly to the production test systems. Programming 
or editing functions from production systems can also be offloaded via GRnet, using remote 
programming terminals. 


Chip-inserter spots 250 chipsin7s 


Several manufacturers have been quietly displaying chip-insertion equipment in the back 
rooms at trade-shows, but the very first company with an available product is the Components 
Division of TDK Corp of America (Indianapolis, IN). Manufactured in Japan, the A VI-Mount 
CM-3 handles a variety of chip components—capacitors, resistors, transistors, diodes and 
inductors—in at least three standard EIA sizes (93.2 x 1.6 x 0.6mm, 4.8 X 2.4 x 0.6mm, 
or 4.8 X 2.4 X 1.1mm). Up to 250 chips from plastic chutes can be placed in each 7-s cycle 
on 2.5-mm centers. 


JFET opamp cuts noise, stretches bandwidth 


Low noise and wide bandwidth are the key attributes of ajunction-FET op amp that will 
soon be announced by Harris Semiconductor (Melbourne, FL). The HA-5160 has a 
gain-bandwidth product on the order of 80 MHz, a voltage gain of 60,000 and noise on the order 
of 15nV/VHz. Slew rate is typically 130 V/us, and settling time is within 500 ns to within 
0.1% of a +10-V step. The Harris JFET unit follows closely on the heels of the company’s 
HA-5130 bipolar op amp, which has 10° voltage gain, 25-uV input offset voltage, 3-nA input 
bias current and 10-nV/VHz noise. 


Single-chip CMOS ADC consumesless than 1 mW 


A 3'4-digit single-chip CMOS a/d converter will pack input buffer amps, an integrator, 
a comparator, a reference, a clock and seven-segment decoders, yet consumes less than 1 
mW from asingle 9-V battery. Asa result, the ICL7126, soon to be announced by Intersil 
(Cupertino, CA), will provide at least 8000 hours of battery life in hand-held digital multimeters. 
It also will return to zero with less than 10 uV input offset, and will drift less than 1 uV/°C. 


In-circuit tester handles denseLSI 


A new system from Plantronics/Zehntel (Walnut Creek, CA) performs in-circuit tests of 
LSI components, like dense memory chips, microprocessors and controllers—a feat previously 
difficult for in-circuit testers. The Data Director permits any programmer familiar with the 
mnemonics of the LSI device to write a test program for the device, eliminating the need 
for skilled test programmers. 


ANSI bus standardcoming 


Prior to final voting in September, ANSI standards specification X3T9.0 “Small Computer 
to Peripheral Bus Interface” is coming under public review. It defines a general-purpose, high 
performance interface for tying peripherals to acomputer system. 

According to Jim Pisarsik, an ANSI committee member and Senior Manager of peripheral 
development at Perkin Elmer, the interface calls for a maximum cable length of 30 meters. 
Up to 16 devices (including the computer) could be attached to this cable. The standard would 
allow both 8-bit wide and 16-bit wide parallel communication at 1 and 2Mbyte/s. 
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laiteate 
OEModems. — 


Ten years of experience in the OEM 
eUisi alsrsiswa © lal erlsclitsiaxemexs| ers le) AVarcl ale) 

els icelfantclaecculamtalcmaniciellelaamconalela 
speed range (1200-9600 bps). 
Thousands now being used by leading 
data processing manufacturers through- 
out the U.S., Canada and Europe. 


@lelsice\annelaccit-larei-lcenesitclplenr-|(0)aloue)s 
elolenncelelaicvonm ele mer-lanr-(eenialColacc 

(@) mere (=\nalre(= ereyarer- lel Nyacenn'(el6|arel ©) ©) 
cations. They're priced right, delivered 
lal ansmeslareme(orsi(e|aicemceniieneles 
requirements. 


Intertel OEModems — the creative 
solution you've been looking for. 





Write for our new brochure or call Tony 
Rotondo now for details. Intertel, Inc., 

6 Vine Brook Park, Burlington, MA 
018038. (617) 273-0950. 
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Introducing Series 2 20: 0-60 — in 20 Miz. 
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ity even further. Your investment. 
(ee is solid today and protected for [> 
EE flexibility atthese | years to come. 
Sentry® Series 20 is one of the  f “high speeds. You get series 20 is compatible with 
fastest LSI test systems around. fis bison. resolu- all Sentry software..So you don't 
It can test a full 60 pins of micro- | tion to place edges accurately have to wait for programs to be 
processor, memory and periph- | when testing AC parameters. developed. You can start right 
eral chips at an uncompromised | And 16 timing generators so you | up, using existing Sentry pro- 
20 MHz. Or 30 pins at 40 MHz. | can program up to 32 edges grams without incurring heavy 
The Series 20 system Independently. You can even retraining and programming 
uses 10K and 100K w= a . change each _ | costs. 
ECL throughout all | edge between So don't let the new technolo- 
formatters, timing gies pass you by. Shift into high 
paths, pipeline and speed with Series 20. You 
local memory sec- = : _get the speed, accuracy, 
tions. You get faster pres as | wo flexibility and world- 
throughput and faster = =§=E_ wide support that will 
data formatting. P keep you ahead of 
You'll test MOS : the pack. Call us at 
and bipolar memories, @ (408) 998-0123. Or 
microprocessors and write Fairchild Test 
peripheral chips that run above systems Group, 
10 MHz. Static RAMs, bit slice 1725 Technology 
microprocessors and micro- Drive, San Jose, 
programmable controllers that California 95110. 
run above 20 MHz. And you'll be | 16 different values on the fly. 


The faster your LSI devices, the 
more you need our latest break- 
through. Because our new 




















able to characterize these high series 20 gives you expanded 

speed devices as they're de- memory capacity. Up to 196K FAIRCHILD 
signed. In fact, Series 20 is the | 24-bit words give you the pro- Ces nna ae ae aan eee 
only commercially available gram capacity needed to test A Schlumberger Company 
tester that can provide full 60- future high- speed devices. And 

pin |/O operation at 20 MHz. our new fast, fixed head disk 


series 20 also features an en- | gives you a two-to-one speed 
hanced timing system that gives | advantage in access time while 
yOu increased accuracy and expanding your program capac- 
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: Some straight-from-the- | 
: : : shoulder comments from T.J. 
Our list of customers is growing longer i~ (Tom) Roper, KEMET National 
_ every day, thanks to your acceptance of ~~ Marketing Manager. 
_ KEMET quality-built monolithic ceramic | a | 
capacitors. 

Fact: Our sales oatiee has 
grown 50% per year—since we 
entered this dynamic industry 
in 1968. 
| This growth has provided 

great things for our customers. 
_ It has permitted us to increase 
- our production facilities and 
quality assurance programs 
immensely. So KEMET 
customers can continue 

to take our quality and 

availability for granted. 











































The only way we can get the machines we need is to build ’em. 


No other manufacturer takes greater care in the 
manufacture of monolithic ceramic capacitors than | 
KEMET. Because no other manufacturer has more ex- __ 
| tensive Research and Development facilities and unique _ 
manufacturing methods than Union Carbide. More 
than 70 staff equipment designers, engineers, chemists, 
draftsmen, technicians and machinists work full-time to 
keep KEMET out front. With computer controlled 
testers, ceramic sheet casters, laminators and dozens of 
other ingenious innovations. 





Quality is built in, not inspected in. 
4 Every step of production ends with an in-process quality | 
_ control inspection. You never see the products that 
| don’t make the grade. If they fail our rigid tests, they - 
fail. Period. Our testing procedures put greater stress 
upon the capacitors than tiey ee pony e ever see in 
actual circuit pepplication | 














for granted. 


At KEMET, we take reliability very seriously. 
This multi-million dollar, Federal Class 100 clean room 
is where KEMET High-Reliability ceramic capacitors are 
born. This ‘‘plant within a plant’’ is totally isolated 
from other production areas, is operated by its own sup- 
port group and is completely equipped with its own 
technically advanced processes and equipment. This 
specialized facility is your assurance that KEMET High- 
Reliability ceramic capacitors are specifically built to 

meet or exceed MILITARY requirements. 





With KEMET High-Reliability ceramic 
capacitors, customers get a “‘life’’ history. 


KEMET customers get only the best when they order 
High-Reliability ceramic chips or molded radial or 
axial leaded capacitors — we back these products with 
performance data and destructive physical analysis 
(DPA) results. Each capacitor undergoes in-process 
testing and ultrasonic scanning to detect voids and 
delaminations. The proof of quality is demonstrated 
in the DPA lab, where samples 
are literally torn apart. 





















people who take 





Here, the good parts get burned-in; the rejects 
just get burned. 


Every KEMET ceramic capacitor undergoes in-process 
testing at each production operation, plus stringent final 
quality control inspection. But that’s not enough for us. 
All Military grade products are subjected to 100-hour 
burn-in at 125°C. Only the strong survive and earn the 
KEMET brand name — and get shipped to our customers. 


Out-front technology rubs off on all KEMET 
ceramic capacitors. 


We’ve learned a lot about monolithic ceramic capac- 
itor technology since 1968. And it’s reflected 
in the high quality of all KEMET ceramic 
products. Molded radial and axial leaded. 
Blue Max, Mighty Max and 
space-saving ‘‘Solder 
= Guard”’ chips. In ultra- 
» stable NPO and COG; 
stable BX, BR and 
X7R; and general- 
purpose ZSU di- 
electrics. Operating 
temperature from 
-55°C to 125°C. 
Total capacitance 
range from 1 pF — 
through 6.8uF in 50, 100 and 200 volt ratings. Also, 
there’s EPIC, Union Carbide’s computerized on-line 
Electronic Product Inventory Control system. Using 
EPIC, we can determine KEMET factory stock levels, 
place orders directly and provide delivery within 24 
hours. Our customers can take KEMET monolithic 
ceramic capacitors for granted. Because we don’t. 


For more data, write to Electronics Division, Union 
Carbide Corporation, Box 5928, Greenville SC 29606. 
Phone: (803) 963-6300; TWX: 810-287-2536; Telex: 
57-0496. Or see your local KEMET representative. 


See EEM for KEMET Capacitors General Catolog. 


ELECTRONICS DIVISION 
COMPONENTS DEPARTMENT 


KEMET® is a registered trademark of Union Carbide Corporation. 


UNION 


CARBIDE 





In Europe: Union Carbide Europe, S. A. 5, Rue Pedro-Meylan, Geneva 17, Switzerland 
Phone: 022/47-4411 Telex: 845-22-53 Union Carbide U. K. Limited, Phone: 0325 315181 
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FOR HIGH SPEED HYBRIDS, 
WE'RE ONE FAST COMPANY 





No one makes more high-speed 
data acquisition hybrids than the 
Computer Labs Division of Analog 
Devices. Our DAC’s, ADC's, track- 
and-holds, and op-amps are the 
fastest available anywhere. All fea- 
ture active laser trimming for 
improved accuracy, which obviates 
the need for external parts in most 
applications. All are available in 
Cc ial temperature ranges 
ded tem perature 
ailable proc- 


MOST COST-EFFECTIVE 
FAST ADCS AROUND. 


With typical conversion times of 
only 2.2 ws for complete 12-bit 
conversion, our hybrid ADC's are 
the fastest, smallest, most com- 
plete successive-approximation 
A/D converters available. Housed 
in 32-pin dual DIP packages, they 
include 8-, 10- and 12-bit reso- 
lution versions with TTL compatibil- 
ity. They feature unsurpassed 
speed and accuracy and they are . 
very affordable. 


Uitra-fast hybrid ADC’s — circle 
der service card #55 






























IF you've got a grap | 
application, we've pr 


configurations, such as 
wide voltage compili- 
ance, low impedance 
current output, volt- 
age output, and com- 
posite video output. 
These DAC’Ss are avail- 
able with resolutions 
from 8 to 12 bits with 
settling times as fast 
as 10 ns. 


Uitra-high- 
speed DAC’s— 
circle reader 
service 

card #54 





OUR TRACK-AND-HOLDS 
ARE FAST AND 


| ACCURATE. 


The ability of our track-and-holds 
to accurately capture and hold 
rapidly changing transient or con- 
tinuous waveforms is unexcelled. 
And you can make trade-offs 
between acaquisition time versus 
droop rate and feedthrough rejec- 
tion — while maintaining 0.01% lin- 
earity. With acquisition times as 
fast as 20 ns, they offer either ECL 
or TTL compatible inputs. 


Uitra-high-speed hybrid 
track-and-holds — circle reader 
service card #56 


OP-AMPS WITH 
SUPER SETTLING 
TIMES. 


Our very high speed wideband 


. Op-amps are specially designed 


~ tocomplement our line of high 
speed data acquisition 

_ products. They feature 

100 MHz gain bandwidth 

products, slew rates of 300 

V/uS, and settling times of 

80 ns to 0.1%. 


Fast settling Video 
Operational Amplifiers 
— circle reader service 
card #57 


For more information on any or all 
of these high-speed hybrids, circle 


' the appropriate reader service 


number(s) or call (919) 292-6427. 


ANALOG DEVICES 
COMPUTER LABS 






WAY OUT IN FRONT. 





Analog Devices, Inc., Box 280. Norwood, MA 02062; East Coast:(617) 329-4700: Midwest: (312) 894-3300; West Coast: (714) 842-1717; Texas: (214) 231-5094: Belgium: 031/37 48 03: Denmark: 
(02) 84 58 00; England: 01/94 10 46 6; France: 687 3411: Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251: Switzerland: 022/315760; and representatives around the world. 
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Unlike most universal uP development systems, the ECL-3211 
is software-driven, making it easy to convert from one 
chip to another—even to a chip just introduced. 





Universal development 
system emulates to 30 MHz 


A universal microprocessor de- 
velopment system built around 
readily available PDP-11 comput- 
ers, peripherals and operating 
systems reportedly will handle 
any 4 to 32-bit uP at speeds up 
to 80 MHz. Developed by Emu- 
logic Corp. (Westwood, MA), 
which adds its own high-speed 
emulation and control logic along 
with applications software, the 
ECL-3211 is software-driven, un- 
like most other development sys- 
tems. As a result, all it takes to 
convert from one chip to another 
is software for the new chip and 
an adapter card. | 

In addition, the same emulator 
hardware is used to emulate any 
uP chip. And since the design 
job is a software, not a hardware 
task, Emulogic says it can pro- 
vide emulation support for new 
chips usually in less than 30 days. 

Providing a full-screen display 
for each pP emulated (see photo), 
the ECL-3211 presents the oper- 
ator with a complete status up- 
date of every item in the target. 
This is done automatically with- 
out calling anything from the 
keyboard. Split-screen scrolling 
lets the operator easily scan 
through RAM, ROM or a trace 
buffer. 

Data stored in the 512 x 64- 
bit trace buffer are determined 
by the adapter card for each pP 
chip. Trace contents can be dis- 
played in the scroll area in either 


hexadecimal form or in disassem- 
bled mnemonics. 

Eight breakpoints are provid- 
ed, each of which can be used 
with any chip up to 32 bits and 
may be defined as a logical func- 
tion, in which a specified action 
is taken if the logical state of 
the system equals the state de- 
scribed by logical arguments. 
Each bit in an argument may be 
described as a l, 0, or X (don’t 
care). 

Incidentally, the eight break- 
points, in combination with the 
512 x 64-bit trace buffer, event 
counters, elapsed-time timer, and 
full-screen display provide a 
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built-in 64-channel, real-time log- 
ic analyzer. BNC connectors are 
also provided on the emulator 
pod for connecting standard 
probes to the eight external lines. 
Two trigger outputs are provided 
via the BNC connectors to trig- 
ger or synchronize external in- 
struments such as oscilloscopes 
or stand-alone logic analyzers. 
Relocatable macroassemblers 
are provided for each pP chip 
supported. A consistent com- 
mand structure is used through- 
out and all processors employ 
standard PDP-11 pseudo-ops, 
eliminating unnecessary confu- 
sion and ‘‘relearning’’ when 


COOROOS-HOOOGHLS RAM 
HOUONGLI-Q0006100 INT 
BOL 00066-H0860000 
HHOONOG-OO0COG1 1 EXT 
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Emulogic display for 8086 emulation lists breakpoints, shows the status of such 
sections as registers and external inputs, and can scroll RAM contents without 


disturbing balance of display. 
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working with a new chip family. 
The mnemonics used with each 
assembler are identical to those 
of the chip manufacturer. 

The system includes a license 
for either RT-11 or RSX-11M op- 
erating systems. RT-11 is DEC’s 
basic system and RSX-11M is 
available as an option on some 
models. RT-11 is a real-time op- 
erating system designed for in- 
teractive program development 
and on-line applications for the 
PDP-11. It supports both single- 
job and foreground/background 
modes of processing and such 
high-level language compilers as 
Basic, Fortran, Pascal, Dibol, etc. 
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It also provides indirect com- 
mand-file execution so that sets 
of commands can be executed via 
single keystrokes or called auto- 
matically on system startup. 

RSX-11M is one of DEC’s most 
powerful operating systems for 
the PDP-11—the result of more 
than 300 man-years of software 
development effort. Among oth- 
er things, it can be used simul- 
taneously by up to 64 users, and 
it does multitasking. 

A general-purpose text editor 
using the function keypad and 
the full spectrum of video fea- 
tures of the VT-100/VT-103 CRT 
terminal is also supplied. The edi- 








tor permits the user to execute 
most functions with only one or 
two keystrokes and, when edit- 
ing a main file, to copy material 
in from one file while writing out 
to an auxiliary file. It also per- 
mits the user to edit files through 
a full-screen, bidirectional 
smooth-scrolled window into the 
stored file. 

The linker converts relocatable 
object modules into a run-time 
format, converts relative ad- 
dresses to absolute addresses, 
and links global references 
among object modules. In addi- 
tion, the linker permits library 
functions and user-written sub- 
routines to be assembled sepa- 
rately and linked for execution 
as required. 

Stephen E. Scrupski 
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16-bit uCs seek 
new types of support 


The mounting programmer 
shortage and the popularity of 
16-bit wCs are changing industry 
attitudes toward development 
systems: 

a Faster compilers and more 
powerful debugging tools are 
needed to increase programmer 
productivity. 

» Complex uC software re- 
quires powerful block-structured 
languages for fast development. 

» Software-module libraries 
are creating a demand for more 
mass-storage. 

» The megabyte addressing 
ranges of 16-bit chips call for 
huge memory spaces. 

Since small dedicated develop- 
ment systems can not cope with 
these needs, a switch to mini or 
mainframe-based cross-develop- 
ment for wCs is gathering steam. 
The evolution at Intel exempli- 
fies the trend: After adding the 
hard-disk Model 245 to its line 
last year, the uC pioneer now of- 
fers a “mainframe link” that pro- 





vides a multiuser, multiprocessor 
environment. Later this year, the 
Series 3 system will provide an- 
other multiuser alternative, en- 
hanced by new high-level lan- 
guages like Pascal-86 and 
Fortran-86. 


More Pascal support 


Motorola labels its 6800-based 
EXORmacs “‘the industry’s most 
powerful 8/16/32-bit multista- 
tion development system.” It 
supports Pascal and will eventu- 
ally support Fortran and MPL. 
With a 32-bit address bus, the 
system has an addressing capa- 
bility of 4-billion bytes that 
should satisfy the most ambi- 
tious planners. Four pCs in the 
‘mainframe’ and one more in 
each work station give the EX- 
ORmacs nearly as much process- 
ing power as a mini. Motorola 
points out that the software de- 
signers can use Cross Pascal for 
IBM-3870 and PDP-11 computers 
and can then downline load the 
object code into a 6800 Design 
Module or EXORmacs. 

As systems get more complex, 
designers often prefer to try 
their software on several pwCs. 
Universal development systems 
address this preference. Hewlett- 
Packard’s 64000 attacks produc- 
tivity in wC development from 
two directions: large-system stor- 
age (on either a 12-Mbyte or 125- 
Mbyte hard disk) and an effective 
man/machine interface. HP’s 
proprietary 16-bit processor can 
change a 2000-line program in 
less than 3 min., including 75 s 
for editing and 42 s for reassem- 
bly and linking. Since HP con- 
siders “free disk space’ to be the 
major prerequisite for program- 
mer productivity, the 64000 can 
expand to 980 Mbytes. 

In any comparison of chip sup- 
port, the universal development 
system from Boston Systems Of- 
fice is hard to beat. It supports 
25 wP families (including bit- 
slices) marketed by 23 manufac- 





Boston Systems Office benchmarks 
use this 8086 program. 


turers. In the fall of 1980, Zilog’s 
Z8000 and Motorola’s 68000 will 
join the available 16-bitters. 
BSO’s systems are based on LSI- 
11/2s for one to six users and 
on PDP-11s for systems that ac- 
commodate up to 75 users. 

BSO has just released data on 
some benchmarks, using a PDP- 
11/70 running under IAS, with 
11 users logged on. Three pro- 
grams were tested: SPEED-00, 
consisting of 5000 NOPs without 
labels or comments: SPEED-85, 
an 8085 program to calculate 
primes, appended to itself for a 
total length of 1000 lines; and 
SPEED-86 in an 8086 program 
(see Fig.), again repeated to total 
1000 lines. The results speak for 
themselves: 


Program Assembly — Lines/ | 
time min. 
SPEED-00 19.0s 16,000 
SPEED-85 6.85 8,800 
SPEED-86 7.98 8,200 


Since BSO’s system also pro- 
vides real-time debugging via 
Tektronix 8001 or any other wP 
hardware-development tool, it 
makes a strong case for mini- 
based development systems. 

Max Schindler 





Multi w.Ps untangle 
comm switching, but 
protocol snag remains 


In their hardware and soft- 
ware, communications and com- 
puting equipment increasingly 
intertwine: wPs and packet- 
switches containing pPs are 
facilitating communications 
throughput, and the protocols for 
data processing are becoming 


eritical concerns for telecomm 


standard-makers. This year’s In- 
ternational Conference on Com- 
munications (June 8 to 12, Seat- 
tle, WA) addressed developing 
comm/computer connections. 

The architectures of new 16- 
bit wPs favor communications 
systems with improved interrupt 
and bit-handling capabilities, vir- 
tual storage and DMA, according 
to Subhash Bal of National Se- 
miconductor (Santa Clara, CA). 
Bal proposes designs for PABXs 
and Class-5 central-office digital 
switches based on his company’s 
NS16000 pP. 

In the PABX, the usual line 
card becomes a pP-based sub- 
scriber port that can insert (and 
trip) ringing signals, generate 
dial tones, switch between tone 





se is 


uP-based CPUs communicate with 
dedicated pP-based processors in the 
Class-5 central-office switch proposed 
by National Semiconductor. 
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and pulse dialing, manage call 
priorities, count dial pulses, as- 
sign time slots (digital PABX) 
and determine call locations (in- 
side or outside). 

Telephone switching systems 
usually accommodate very few 
interrupts, says Bal. However, 
PABX designs that lean heavily 
on interrupts could deliver high- 
er throughput, especially for ma- 
chines that service many ports. 
Preprocessing, by distributing 
CPU functions onto wP-based 
line cards, could justify switch 
architectures based on CPU in- 
terrupts rather than the usual 
polling schemes. In such large- 
scale equipment, the processing 
speed of the line-card uPs is a 
secondary consideration. What is 
important is the CPU’s interrupt- 
response and recovery speed. 

In addition, the CPU should of- 
fer high throughput and fast bit 
manipulation to route calls 
through the PABX matrix and 
process dialed numbers. Not sur- 
prisingly, Bal recommends 16-bit 
uPs, with vectored-interrupt ca- 
pability, like the NS16000. Addi- 
tional wPs could handle line-card, 
matrix-processing and call-mon- 
itoring functions. 

In Bal’s version of a Class-5 
digital switch, separate uPs that 
compute rates, scan lines and 
perform other functions inter- 
face with the main CPU via 
DMA. Each processor transfers 
its information to a designated 
mailbox in the CPU data mem- 
ory. The CPU sequentially cycles 
through its various program 
modules and processes the data 
from the appropriate mailboxes. 
When required, the CPU passes 
its processing results to the sat- 
ellite Ps, such as the rate com- 
puter and time-management pro- 
cessor; it treats the pPs as if 
they were DMA ports. 

Bal notes that the data mem- 
ory in his Class-5 switch can be 
huge; the program memory is siz- 
able too. Memory size can vary 
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In a departure from the usual 
companded _ successive-approxi- 
mation a/d conversion used in 
LSI codecs, engineers at Bell 
Labs (Murray Hill, NJ) have put 
all the elements required for 
PCM encoding decoding and fil- 
tering onto one chip. In the codec- 
filter system described by T. 
Misawa at ICC-80, a delta-sigma 
(A-2) modulator linearly encodes 
analog voice signals at a sam- 
pling rate of 2.048 Mbits/s. The 
high sampling rate translates into 
simple analog filtering circuitry 
for antialiasing. 

Each high-speed sample pro- 
duces a 1-bit output that, after 
multistage successive digital sig- 
nal-processing, emerges as 16- 
kbit/s linear PCM. Digital band- 
limiting, at each decimation 
Stage, ensures against aliasing 
errors. The coder compresses the 
PCM data in conformance to the 
u-290 law and delivers 8- 
kbursts/s of 4.096-Mbit/s pulses. 


4.096 Mb/s 
PCM BURST 





widely depending on optional fea- 
tures and number of lines served. 
Hence, virtual-memory capability 
for managing flexible storage is 
an important feature for CPU 
candidate processors. 

Three Ps are better than one 
in a packet switch, says Moham- 
mad Arozullah of Clarkson Col- 
lege of Technology (Potsdam, 
NY). In his latest packet-switch 
design, Arozullah dedicates one 
uP to each major switch func- 
tions: input, routing and output. 
The three-wP approach breaks 
the throughput log jam resulting 


One-chip codec contains filters too 


ENCODER 
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The decoder digitally processes 
encoded signals by successively 
resampling at rates increasingly 
higher than the original 8-k/s. 
Meanwhile, it properly interpo- 
lates and removes images around 
integral multiples of 8 k/s. The 
result is a single-bit A-> signal 
occurring 2.048-million times/s. 
After analog decoding and filter- 
ing, the decode section delivers 
the voice-frequency output. 

The codec-plus-filters has been 
built at Bell Labs with single po- 
lysilicon NMOS processing onto 
a rather large chip—296 x 342 
mils. Other codecs that rely on 
delta modulation include Motor- 
ola’s (Phoenix, AZ) I?L MC3418 
that uses continuously-variable- 
slope delta modulation and Gen- 
eral Instruments’ NMOS AY-3- 
9900. GI plans to introduce a 
single chip, containing codec and 
associated filters, based on A-> 
modulation (see ELECTRONIC Dkr- 
SIGN, June 7, 1980, p. 115). 
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2.048 Mb/s AS 


from processor overloads and 
eliminates the functional interde- 
pendence of single-uP designs. 
Routing a message begins 
with buffering all incoming pack- 
ets. Double buffering and only 
minimal processing in the buff- 
ers reduces the possibility of 
packet loss due to overflow. 
When the input processor finds 
a full input buffer, it temporarily 
stores the contained packet in a 
shift-register array. Here, a sec- 
ond processor—for routing—ser- 
vices the packet. It corrects the 
header using the BCH error-cor- 














Applications for General 
Instrument’s popular and 
proven non-volatile EAROM 
memory chips are soaring. 
In fact, they’re on today’s 
most advanced aircraft. 


Our Hi-Rel EAROMs meet full 
military temperature requirements 
(—55°C to +125° C) and are 
processed and screened per 
Mil-M-38510/Mil-STD-883B. 
Quality assurance and reliability 
are guaranteed by manufacturing 
controls which are certified to 
Mil-Q-9858A and Mil-l-45208A. 


The design maturity and perform- 
ance reliability of General 
Instrument’s EAROMs are proven 
facts. Over 6-million devices 
have been shipped. Enough to 
position our EAROMs at the 
forefront of available technology, 


Now, 


EAROM is airborne. 






replacing memory 
devices listed 
on the table 
here. With bit 
densities from 512 to 8192, 
EAROMs offer significant size, 
weight, reliability and power 
advantages over rotating memo- 
ries and core, as well as 
clearcut advantages over RAMs 
and UV PROMs. The electrical 
alterability of EAROMs also facili- 
tates in-system re-programmability. 


GENERAL 


INSTRUMENT 








General Instrument’s Hi-Rel 
EAROMs are currently used in 
flight recorders, navigation and 
guidance systems, industrial 
instrumentation and measure- 
ment...wherever data recording 
and retention are needed. 
Unpowered data retention is 
guaranteed for one year over the 
Hi-Rel temperature range. 


For more information on our 
Hi-Rel and Industrial EAROMs, 
write to: General Instrument 
Microelectronics Ltd., Regency 
House, 1-4 Warwick Street, 
London WIR 5WB, England, or 
call 01-439-1891. 


We help you 
compete.® 
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recting code that protects each 
header; determines the packet’s 
destination; and, using the pack- 
et’s array address, assigns the 
packet a position in the software 
output-queue list. 

The last processor, the output 
uP services each routed packet 
upon finding the appropriate out- 
put buffer empty. From the 
queue list, the final processor 
gets the array address of the old- 
est packet awaiting transfer to 
the empty buffer’s associated 


destination. Once the packet is 


in the proper output buffer, hard- 
ware outside the switch trans- 
mits the packet onto the required 
network channel. 

Outside Arozullah’s clearly 
segmented packet switch, the 
boundaries between data comm 
and data processing inevitably 
overlap, says Thomas B. Steel Jr. 
of AT&T (Basking Ridge, NJ). 
Telecomm (CCITT) and data-pro- 
cessing (ISO) standard-makers 
are being forced together by the 
need for standards for heteroge- 
neous computer systems that 
communicate over data networks 
run by common carriers. In par- 
ticular, Steel foresees the need 
for telecomm inputs in the high- 
er-level protocols of the seven- 
layer ISO Reference Model for 
Open Systems Interconnection 
(Layered Architecture for Public 
Data Networks Services, in 
CCITT terms). 

Steel points to the imprecise 
definition of Layer-4 (Transport). 
Functionally, it may be contained 
in Layer 3 (Network) of the 
CCITT X.25 Recommendation. 

He further cautions data-pro- 
cessing professionals to bear in 
mind that packet switching is not 
the only way to interchange data 
over telecomm facilities. Other 
systems should not affect the 
definitions of protocols for Lev- 
els 5, 6 and 7, but major differ- 
ences do exist between CCITT 
and ISO approaches. 


Sid Adlerstein 
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Laser trimming shrinks 
Mylar capacitors 


Laser trimming the overlap- 
ping edges of metallized film die- 
lectrics can produce high-capaci- 
tance metallized film capacitors 
in ultra-small packages, at prices 
competitive with multilayered ce- 
ramics. The LGC process (for La- 
ser-Generated Capacitors) devel- 
oped by Western Electric 
(Chicago, IL) can produce capaci- 
tance values up to 0.16 uF at 
40 V, or high working voltages 
up to 200 V de (.0178 yF), in pack- 
ages little bigger than a two-pin 
mini-DIP. When licensed to other 
capacitor manufacturers, the 
LGC process should cause sharp 
competition between ceramics 
and films for capacitor slots on 
telecommunication and micro- 
processor boards. 

The manufacturing process re- 
lies on three recently developed 
technologies, according to West- 
ern Electric Capacitor Develop- 
ment Manager Don Brown: ultra- 
thin polyester-film dielectrics; 


doubles the capacitance of Western 
Electric’s metallized-film capacitors. 





specialized machinery for tightly 
rolling metallized polyester; a la- 
ser-scoring process which in- 
creases the usable dielectric area 
of capacitors. 

The film employed in West- 
ern’s capacitor manufacturing 
operation is 8 and 6-gauge Mylar 
Type C from DuPont (Wilming- 
ton, DE). Specifically formulated 
for metallized-film capacitors, 
the 8-gauge Mylar is 0.08 mils 
thick, while the 6-gauge Mylar 
is 0.06 mils thick. Metallized My- 
lar-film capacitors exhibit tight 
tolerances and good stability 
over a wide range of frequency, 
voltage and operating tempera- 
ture. Unlike other materials 
which tend to lose their dielectric 
properties at elevated tempera- 
tures, increases in temperature 
reduce the dielectric strength 
only by relatively small amounts. 
At 150 C, the dielectric strength 
is still 8000 V de per mil and 6000 
V ac per mil. The dissipation fac- 
tor for Mylar film capacitors is 
the same at 60 Hz and 3 GHz 
at 25 C and is seldom more than 
1.6% at any frequency or tem- 
perature (typically 0.6% at 1 
kHz). Dielectric constants are 3.2 
to 3.8 in the temperature range 
from 25 to 125 C. 

Although ordinary Mylar ca- 
pacitors have excellent tempera- 
ture characteristics, they tend to 
be much larger than ceramics 
and frequently higher in cost and 
have not been widely used in 
high-speed, high-density signal 
processing applications. With the 
introduction of DuPont’s 8 and 
6-gauge Mylar (ELECTRONIC DE- 
SIGN, Dec. 6, 1979, p. 178), how- 
ever, the situation has changed. 
For the first time, according to 
DuPont’s Mylar Applications 
Manager, Edward Fersht, ultra- 
small metallized-film capacitors 
could compete with high capaci- 
tance-per-unit technologies such 
as tantalum and multilayered ce- 
ramics. 

Thanks to Western Electric de- 
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velopment, practical micro-sized 
laser-generated Mylar caps are 
a reality. 

Laser scoring precisely sepa- 
rates the anodes and cathodes of 
capacitors without removing ex- 
cess metallized surface. Ordinary 
processing provides a staggered 
edge approximately 0.015-in. 
wide plus a 0.015-in. wide isola- 
tion margin on each end. A total 
of 0.060 in. of metal surface 
width is unusable. With Western 
Electric’s laser-generation sys- 
tem, a laser shaves off the end 
metal providing an offset on the 
order of 0.005 in. plus an isolation 
margin of 0.006 in. on each end, 
or 0.022 in. total. Since the total 
capacitance of the component is 
related to the usable metal sur- 
face area, these small savings in 
metal surface area provide rel- 
atively large increases in the 
available capacitance—up to 
twice the capacitance is available 
in a laser-scored component, com- 
pared with the same size capaci- 
tor manufactured by convention- 
al methods. 

Western Electric is currently 
in high-volume production on 
miniature metallized polyester 
capacitors using DuPont’s &- 
gauge Mylar. These tiny squares 
(0.300 x 0.295 x 0.097-in) provide 
capacitance values up to 0.12 uF 
at 50 V de. The high dielectric 
strength of Mylar helps these ca- 
pacitors withstand voltage 
surges up to 150 V, as well as 
providing self healing in the 
event of an over-voltage break- 
down at much high voltages. 

Unlike ceramics which lose 
capacitance as environmental 
temperature increases, metal- 
lized film capacitors have a ten- 
dency to increase in capacitance 
somewhat with temperature in- 
crease. While Western’s LGC ca- 
pacitors will provide an overall 
temperature-stability character- 
istic better than X7R, they are 
specified in a way to reflect the 
increase in capacitance at high 
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temperatures. At 85 C, for ex- 
ample, the value of a 0.1 pF 
Western Electric Mylar film ca- 
pacitor will be equivalent to a 
0.2 wF ceramic. 

Western is developing 6 gauge 
capacitors which will be approxi- 
mately half the volume of the 
8-gauge capacitor. Values up to 
0.16 wF will be produced at work- 
ing voltages of 40 V. 

The large film capacitors are 
currently produced in a 2-pin 
mini-DIP configuration, and are 
provided in plastic tubes for rap- 
id automatic insertion. The small 
capacitor will be epoxy-coated 
with radial leads. Reliability of 
both types is expected to be on 
the order of two failures in 1 bil- 
lion unit hours of operation. 

While the LGC capacitors are 
not available for commercial dis- 
tribution (only for Bell System 
use), Western has offered to li- 
cense the process on a nonexclu- 
sive basis to other makers. 

Stephan Ohr 


Computers prompt 


a switch to SPS 


Confidence in the reliability of 
switching power supplies is on 
the rise, according to Walter J. 
Hirschberg, vice president of 
product development at ACDC 
Electronics, an independent sup- 
ply maker. The explosion of the 
computing industry—which cou- 
ples low-voltage, high-current 
switching supplies to digital elec- 
tronics—is stimulating strong 
growth in the SPS market. 

The main contributors to this 
growth are the 75% efficiency of 
Switchers (compared to about 
40% for linears), the availability 
of tougher switching and recti- 
fying components, the steady 
outputs switches deliver over a 
wide range of input voltages to 
alleviate brownout fears, and im- 
proved engineering know-how. 

“The whole secret of circuit de- 





sign is designing around the im- 
perfections of the components 
you have to work with,” states 
Hirschberg. “If it weren’t for 
those imperfections, anybody 
could design a switching power 
supply.” The major objective is 
to prevent overstress of the 
switching transistors and recti- 
fying diodes. 

With the switching transistor, 
the design must consider the safe 
operating area. When turning 
the transistor off and on, the de- 
signer has to avoid simultaneous 
application of voltage and cur- 
rent across the components or 
the devices could be destroyed. 

With rectifiers, the faster com- 
ponents are more susceptible to 





A pioneer in designing modular 
power supplies, Walter Hirsch- 
berg has been involved in rf mag- 
netics since the 1950s. He holds 
BS and MSEE degrees from the 
California Institute of Technol- 
ogy, and has been with ACDC 
throughout its history. He was 
chief engineer and plant manager 
for Essex Electronics, which pro- 
duced rf coils and was absorbed 
by NYT Electronics in 1956. In 
1959, ACDC Electronics was 
formed out of the NYT complex; 
it manufactured power and audio 
transformers. Hirschberg origi- 
nated and directed development 
of ACDC’s major product lines. 



























MULTIPLE OUTPUT 





SWITCHING POWER SUPPLIES 


THE SWITCHER COST BREAKTHROUGH YOU'VE BEEN WAITING FOR! 











Power/Mate introduces Econo/Switch Multiple Output Switching 
Power Supplies priced to give substantial savings, yet provide the 
performance and reliability you depend on in a quality switcher. 

The use of Power/Mate’s new monolithic chip permits the reduc- 
tion of parts count by 20% for a much higher MTBF, backed up 
with a two year warranty. Reliability has been greatly improved by 
use of computer-aided “worst-case analysis,’ individual testing of 
every|Cand semi-conductor, anda comprehensive burn-in program. 

These carefully packaged units have extremely high component total. 
density for maximum wattage per cubic inch. The standard unit has 
a 5V primary regulated output and two 12 or 15V regulated outputs, 
plus 5V and 24V semi-regulated outputs. Special units are manu- 
factured to order with voltages specified from 5 to 28V for each 
of the three regulated outputs and 5 to 50V for the two semi-regu- 
lated outputs. Total continuous output power of the unit is 100, 200 
or 300 watts. (See charts) 

The Econo/Switch multiple output supply gives you exceptional 
versatility, combined with reliability, efficiency and compactness... 

$199. 


at low cost. 

ESM-100 Series— 100 Watts 

Bg gd a 6 pera pie a 8 
Output Power 

ESM-100-5001 | 5V@10A| 12V@3A | 12V@3A | 5V@2A | 24V@2A 100W 

Models ESM-100-5002 | 5V@10A| 15V@3A | 15V@3A | 5V@2A | 24V@2A 100W 

Models ESM-100-xxxx | *@10A | *@3A | *@3A *@2A *@2A 100W 


ESM-200 Series— 200 Watts $319. 
| BVe BA | davon | 


Features. 


and two semi-regulated. 


outputs. 
= Brownout protection. 


@ Overload protection. 
@ Short circuit protection. 






















Output Power 
ESM-200-5001 | 5V@20A| 12V@4A | 12V@4A| 5V@2A | 24V@4A 
Models ESM-200-5002 | 5V@20A| 15V@4A | 15V@4A| 5V@2A | 24V@4A 
ESM-200-xxxx | *@20A | *@4A | *@4A | *@2A | *@4A 200W 


Models 
ESM-300 Series — 300 Watts $399. 
ones Max. Cont. 
Output Power 


ESM-300-5001 | 5V@30A| 12V@6A | 12V@6A | 5V@4A | 24V@4A 300W 
Models ESM-300-5002 | 5V@30A| 15V@6A | 15V@6A | 5V@4A | 24V@4A 300W 


*@30A *@6A *@6A *@4A *@4A 300W 


























Models ESM-300-xxxx 


*User specified. Consult factory or local sales office. Minimum 250 units 
Note 1: Maximum specified current cannot be drawn from all outputs simultaneously. At no time should the average current exceed the 
maximum continuous output power. Above this point. output voltages and currents will be automatically reduced on all outputs. Note 2: Out- 
put 1 must be loaded to 15% of total output power to maintain proper regulation of other outputs (Supply will not be damaged by no-load 
condition on Output 1) Note 3: On ESM-200 and ESM-300 models. all five outputs are isolated. On ESM-100 models outputs 4 and 
5 have acommon return. All other outputs are isolated 


Options: Crowbar up to 8 Amps $8. greater than 8 Amps $16: Add Suffix V to Model No. Cover $10: Add Suffix C to Model No 





= Up to five outputs, three regulated 


m Voltage adjustable on all regulated 


@ OVP standard on primary output. 


@ Reverse polarity protection. 
Soft start protection. 


= Choice of voltage and currenton —g Adjustable current limiting on 
all outputs up to maximum wattage 


regulated outputs. 
@ Meets UL and CSA standards. 
@ Convenient 2-surface mounting. 
= Convection cooled. 
= Remote sensing. 
@ Advanced EMI filtering. 
@ Isolated Returns. (Note 3) 


Sm Cy 
Specifications. 
AC Input. 95-132 and 190-264 VAC, 47-63Hz. 
Regulation. Line — 0.2% within AC limits specified above. 


Load regulation first three outputs +0.2%. Load regulation 
last two outputs +5%, cross regulation +3%. 


Noise and Ripple. 50mV p-p on first output, 150mV on all- 
other outputs. — 

Temperature Coefficient. 0.02% per °C on first output, 0.05% 
per °C on all other outputs. 

Efficiency. 65 to 80% typical. 

Transient Response. Recovery to 1% in 2 milliseconds for 
a 50 to 100% load change. 

Remote or Local Sensing. Provision included for improved 
overall regulation. 

Overload and Short Circuit Protection. Solid state short 
circuit protection. Automatic electronic current limiting 
circuit limits output current to a preset value, thereby 
providing protection for the load as well as the supply. 
Units cannot be damaged by prolonged short circuits. 

Overshoot. No voltage spikes on turn-on, turn-off or 
power failure. 

Overvoitage Protection. Built in on primary output. 

Energy Storage Time. The output voltage will remain within 
regulation for a minimum of 16 milliseconds after loss 
of AC input power (from nominal line voltage). 

Polarity. May be either positive, negative or floating up to 
300 volts DC. 

Soft Start. Provides input current limiting at turn-on. 

Long Term Stability. 0.1% for 8 hours after 20 minute warm-up. 


Ambient Operating Temperature. Continuous duty from 0°C 
to 71°C. Full rating from 0°C to 50°C, derate linearly to 


50% of rating at 71°C. 
Storage Temperature. —55°C to +85°C. 
Quality Control. In accordance with MIL-!-45208. 





POWER/MATE. THE SWITCHER COMPANY. 


514 S. River St./Hackensack, New Jersey 07601/(201) 440- 3100/TWX (710) 990-5023 
3303 Harbor Blvd./Costa Mesa, CA 92626/(714) 957-1606/TWX (910) 595-1766 


The world’s largest supplier of quality switching power supplies. 
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transients, so suppressors are 
necessary. The very fast 
Schottkys are especially sensi- 
tive to overvoltage spikes, but 
Schottkys are the most efficient 
rectifiers available. 

The computer industry has 
been the biggest boon to the SPS. 
Digital applications have good 
noise immunity because a ZERO 
can be anything from 0 to 2 V, 
and a ONE can be anything from 
2.5 to 5 V. The noise of SPSs 
has little effect on digital cir- 
cuits, but presents a problem in 
analog circuits. 

Switchers really shine in the 
efficiency category. With a 5-V 
output, for instance, a switcher 
is 70 to 75% efficient, while a 
linear is only 40% efficient. 
Above 15 V, switchers are even 
more efficient (80 to 83%); linears 
attain about 50% efficiency. 

According to Hirschberg, “No 
one has been able to break 
through that efficiency barrier to 
any degree without using recti- 
fiers in the secondary circuit, and 
rectifiers drop at least 0.6 V.” 

He also cites losses in the 
switching transistors, transform- 
er core losses and output filter 
choke core losses as contributing 
to the efficiency problem. 


Ferrites look good 


“We could have a break- 
through in core material. If we 
could reduce core losses at high 
frequency and gain large flux 
densities, then we could wind a 
transformer with just two, three 
or four turns. It would then be 
very easy to construct a high- 
frequency transformer with a lot 
of power handling capability.” 
But that breakthrough is not 
here yet, says Hirschberg. To- 
day’s best core materials are fer- 
rites. 

Ferrites will probably go into 
200-kHz supplies where flux den- 
sity must be held down to with- 
stand high core losses at high 
frequencies. Therefore, the 
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transformers will not shrink as 
much as Hirschberg would like. 
At 200 kHz, the parameters of 
parasitic elements (such as leak- 
age inductance and distributed 
capacity) become more pro- 
nounced and interfere with the 
switching circuit ideal. 
_ The MOSFETs represent a real 
breakthrough in power transis- 
tors, and they have several ad- 
vantages over bipolar. They 
switch very fast, they don’t add 
to the switching losses, and they 
act more like a vacuum tube, 
which means that voltage, not 
current, provides the switching 
drive. Consequently, it takes less 
power to operate MOSFETs. 
Hirschberg also points out 
some disadvantages. MOSFETs 
are tempermental about over- 
voltage and must be protected. 
One of their main stumbling 
blocks is that their on-resistance 
is 0.5 to 1 9, when cold; it goes 
up another 50% when the MOS- 
FETs is hot. Also, at today’s high 
costs, MOSFETs are still not eco- 
nomical at low power levels; suit- 
able bipolars are well estab- 
lished. At higher power levels, 


~ the MOSFETs are really out of 


reach in both availability and 
price, complains Hirschberg. 
But once MOSFETs are avail- 
able, SPS frequencies can go as 
high as 200 kHz. At that fre- 
qency the size of the SPS is cut 
in half and the transient response 
improves because output sam- 
pling is ten times faster than at 
20 kHz. Frequencies of 300, 400 
or 500 kHz create too many prob- 
lems: more core losses, more 
problems with parasitic elements 
which drag down efficiency, and 
higher internal heat which also 
compromises efficiency. 
Another problem area in 
switchers is line isolation. Isola- 
tion from the power line in a SPS 
is difficult because all of the 
switching circuitry is tied direct- 
ly to the incoming line. ‘There 
is no isolation; you just rectify 


the line and switch it,” says 
Hirschberg. “We’ve got a lot of 
electronics sitting right on the 
line. In a conventional, series- 
pass regulated power supply, the 
first thing the line sees is the 
transformer. A switching power 
supply needs isolation both in the 
transformer and in the feedback 
elements from the output into 
the switching circuit. It’s much 
more difficult to build a well-iso- 
lated high-frequency transform- 
er than a well-isolated 60-cycle 
transformer.” 


Isolation is difficult 


The smaller the SPS gets, 
Hirschberg states, the harder it 
is to get proper high-voltage iso- 
lation internally. When the SPS — 
is on the line, efficiency becomes 
relatively independent of line 
voltage. The SPS can be just as 
efficient at a 90-V input as at 
a 132, 185 or 260-V input. The 
same is not true of a linear power 
supply, where input voltage 
ranges are commonly held to 
+10% of nominal. Input storage 
capacitors also store at higher 
voltages in SPSs (800 V or so) 
than in linears, which means that 
smaller capacitors can generally 
be used in switchers. 

Any digital-based system is a 
potential application for switch- 
ers. “If the end use is digital, 
a switcher can be used. The OEM 
user wants to buy a standard 
product for the reliability that it 
offers, but he doesn’t want a 
bunch of bells and whistles he 
can’t use.” 

Hirschberg is dedicated to the 
whole-line approach. ‘‘For the 
next three to five years, a custom 
supply maker will be in trouble 
because the user who was buying 
a custom the first time out gets 
stung on delivery time and other 
problems; but in five years, cus- 
toms will come back into vogue 
when switching design becomes 
more routine.” 

Ron Shinn 
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Intel to extend uP 
family to 32 bits 


The growth path marked out by 
Intel Corp., with its 8085 and 
8086/8088-based systems, now 
widens—as promised earlier this 
year—to encompass a new gener- 
ation of LSI processors with ad- 
dress spaces of up to 4 Gbytes and 
full floating-point math capabili- 
ties on-chip. The iAPX 186, 286 
and 432 families will be unveiled 
in stages, as the Santa Clara, CA- 
based company fills in the out- 
lines already described (ELEC- 
TRONIC DESIGN, March 29, 1980, p. 
29). 

The most powerful of the three 
families, the iAPX 482, will con- 
sist of a multiple-chip set, with 
each chip housed in a 64-lead 
quad-in-line package. The capa- 
bilities of the 432 Micromain- 
frame will include a direct 32-bit 
addressing range; full 32-bit in- 
teger and 64-bit floating-point 
support; functionally distributed, 
message-driven I/O subsystem; 
virtual memory; multiple oper- 
and instructions with vector and 
record addressing modes; and 


MICROMAINFRAME 

(32 BIT) a 
MICROMAX| 
(16/32 BIT) re 
MICROMIDI , 
(16 BIT) 
MICROCOMPUTER 
(8/16 BIT) 


MICROCONTROLLER 
(8 BIT) 


CENTRAL 
PROCESSOR 
INTEGRATION 


HIGH LEVEL LANGUAGE 


OPERATING SYSTEM 
LES. 


NUC: 
CO-PROCESSING 
MATH 
CENTRAL 
PROCESSOR 


INTERFACE 
{BUS DRIVERS , etc} 


MODULE 
INTEGRATION 


direct instruction set support for 
high-level languages. 

Through a new architectural 
concept based on objects, the 
iAPX 4382 integrates high-level 
languages and operating systems 
into sillicon. 

Next lower in power is thei APX 
286 Micromaxi, a 16-bit processor 
with many 32-bit features. The 
processor will offer multilevel 
software protection, on-chip 
memory management and protec- 
tion, high throughput (about five 
times that of the 8086 family, 
which is now referred to as the 
iAPX 86 family), 1 Gbyte of vir- 
tual addressability per task, 16 
Mbytes of direct addressability, 
an integral operating system 
kernel and an instruction set that 
builds on the sets for the iAPX 


EXAMPLE 
INSTRUCTIONS 


IAPX 286/IAPX 86 


MOV REG TO MEM 
ADD REG TO MEM 
MUL REG 16 
DIV REG 16 
SHIFTIROTATE MEMORY 
CONDITIONAL JUMP 
BLOCK MOVE 





The iAPX 286 has about five times the 
throughput of the earlier 8086 .P. 
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INTEGRATION INTEGRATION » 





\Keystone 


INRUSH CURRENT 
LIMITERS 





Turn to Keystone to protect 
your switching power sup- 
plies from turn-on surge...as 
diagramed below. 





Keystone has designed 
special disc-style NIC 
thermistors with crossed 
leads in eight types with 
“cold” resistance values @ 
25°C from: 0.712 10-120 
ohms. 












Send for 
Bulletin P-780 


Distributed by 
Newark 


Electronics 
Phone 
312/638-4411 





stone 


CARBON COMPANY 


With the unveiling of the IAPX 432, 286 and 186/188, Intel adds to Its growing 
uP family. The most powerful, 32-bit micromainframe, integrates high-level 
languages and operating systems on-chip. 


Thermistor Division 
St. Marys, PA 15857 
814/781-1591 ¢ Telex 91-4517 
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86/88 families of uPs. 

As an evolution of the iAPX 86 
microprocessor, the 286 central 
data processor features two oper- 
ating modes—a native instruction 
set and an emulation of iAPX 86 
commands. It executes code five 
times faster than the iAPX 86 
processor. 

The iAPX 186/188 Micromidi is 
object-code compatible with the 
iAPX 86/88 families, yet up- 
grades the development path. 
Both units represent a horizontal 
integration of CPU-associated re- 
sources and offer 1 Mbyte address 
spaces, on-chip bus interfaces of 
master and slave, high-speed 
DMA channels, integrated pro- 
grammable timers, on-chip multi- 
ple-input interrupt controller and 
built-in debug support. 

Dave Bursky 





Thin-film media adds 
density to rigid disk 


Employing the same software 
addressing techniques as 5-1/4-in. 
minifloppies, a novel 5-1/4-in. 
Winchester disk comes with both 
ferrous oxide and thin-film me- 
dia. By deciding on a thin-film 
media (NiCo), New World Com- 
puter Company (Costa Mesa, CA) 
increased disk density to 12,000 
bits/in., compared to about 10,000 





bits/in. for ferrous oxide. 

The MINIMIKRO-DISC V-1TF 
drive makes New World the sec- 
ond company with a 5-1/4-in. 
Winchester disk drive, following 
Shugart Téchnology (Los Gatos, 
CA) (ELECTRONIC DESIGN, April 
26, 1980, p. 31). The New World 
unit stores 1.38 Mbytes, and 
transfers data at 6.78 MHz. Its 
software compatibility with mini- 
floppies develops from similar- 
ities in the disk files. In the 5-1/4- 
in. drive, eight heads track 40 
sectors; in a typical minifloppy, 
the files have eight sectors and 40 
tracks. 

The eight read/write heads are 
part of an assembly that contains 
128 tracks/surface and_ that 
places the storage capacity of a 
5-1/4-in. floppy disk drive im- 
mediately beneath the heads at all 
times, accessible within one disk 
rotation. The average data access 
is therefore 8 ms, which compares 
favorably with 8.2-ms_ access 
times for most bubble memories 
and 40 to 70-ms access times for 
8-in. high-performance closed- 
loop servo drives. 

New World plans to lower the 
OEM price of the MINIMIKRO- 
DISC V-1TF from $700 to $500, by 
incorporating readily available 
components and cutting its 
weight from 3 lb to 2 lb. Future 
drives will gain automatic ac- 
tuators and other innovations. 





The New World Computer 5-1/4-in. drive (left) will be available with both ferrous- 
oxide and thin-film media. Average access time is 8 ms. 
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CHROMATICS SALES 
REPRESENTATIVES: 


USA. AL: Huntsville Col-Ins-Co. 
800/327-6600, AZ: Phoenix Thorson 
Co. 602/998- 2444, CA: Southern U.S. 
Graphics Marketing Corp. 213/880- 
4062, CA: Northern Thorson West 
415/964- 9300, CO: Littleton Davis 
Assoc. 303/795- 1400, CT: Bartlett As- 
soc. 914/949-6476, DE: Bartlett Assoc. 
301/656-3061, DC: Bartlett Assoc. 
301/656- 3061, FL: Ft Lauderdale Col- 
Ins-Co. 800/432- 4480, Fl: Orlando 
Col-Ins-Co. Inside Fla 800/432-4480, 
Local 305/423-7615, GA: Atlanta Col- 
Ins-Co. 800/327- 6600, HI: U.S. 
Graphics Marketing Corp. 213/880- 
4062, IL: Northern Dytec/Central, 
Inc. 312/394- 3380, IL: Southern 
Dytec/South 314/731-5400, IN: 
Dytec/Central, Inc. 317/247- 1316, IA: 
Eastern Dytec/Central Inc. 319/683- 
22.82, IA: Western Professional Mktg. 
Services 612/474-5939, KS: 
Dytec/South 314/731- 5400, LA: Baton 
pouce Col-Ins-Co. 800/327- 6600, ME: 
Bartlett Assoc. 617/879-7530, MD: 
Bethesda Bartlett Assoc. 301/656- 
3061, MA: Framingham Bartlett As- 
SOC. 617/879- 7530, MI: Detroit WKM 
Assoc. 313/588- 2300, MN: Profes- 
sional Mktg. Services 612/474- 5939, 
MO: Dytec/South 314/731-5400, NB: 
Dytec/South 314/731-5400, NH: 
Bartlett Assoc. 617/879- 7530, NJ: 
Bartlett Assoc. 914/949- 6476, NM: 
Albuquerque Thorson Co. 505/265- 
5655, NY: Holcomb Bartlett Assoc. 
716/657- 6309, NY: White Plains 
Bartlett Assoc. 914/949-6476, NC: 
Winston-Salem Col-Ins-Co. 800/327- 
6600, OH: Cleveland WKM Assoc. 
216/267- 0445, OH: Dayton WKM As- 
soc. 513/434- 7500, OR: Portland DPM, 
Inc. 503/258- 8203, PA: Pittsburgh 
WKM Assoc. 412/892- 2953, PA: 
Wayne Bartlett Assoc. 215/688- 7325, 
RI: Bartlett Assoc. 617/879-7530, SC: 
Greenville Col-Ins-Co. 800/327- 6600, 
TX: Austin Thorson Co. 512/451- 7527, 
TX: Dallas Thorson Co. 214/233- 
5744, TX: Houston Thorson Co. 
713/771 -3504, UT: Davis Assoc. 
303/795- 1400, VT: Bartlett Assoc. 
617/879- 7530, VA: Northern Bartlett 
Assoc. 804/421- 7330, VA: Southern 
Col-Ins-Co. 800/327- 6600, WA: Seat- 
tle DPM Inc. 206/453- 9082, WI: East- 
ern Dytec/Central, Inc. 312/394 -3380, 
FOREIGN COUNTRIES, EUROPE & 
NEAR EAST: Techexport, Ino. 
617/661-9424, AUSTRALIA: Crows 
Nest NSW TOC 439-6477, BELGIUM: 
Brussels Spesi (02) 37491- 12, 
CANADA: 404/447-8797, FRANCE: 
Tech-data 749-40-37, ISRAEL: Eldan 
Electronic Instrument Co., Ltd 533 
221/533-242, SCANDINAVIA: Swe- 
den Teleinstrument AB 08 -380-370, 
SOUTH AFRICA: Pretoria Infodata 
Pty Ltd 01278-8141, SWITZERLAND: 
W. Stolz AG 057- 54655, UNITED 
KINGDOM: Bournemouth Techex 
Ltd 0202-293-115, WEST GERMANY: 
Techdata GmbH 31025-6 


See us at the NCC. 


© Chromatics, Inc. 1980 











A COLORFUL MESSAGE TO COMPETITION: 


512x512 FOR ONLY $5995 
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There’s no question about it: color defined dots, you also get — this high pertormance, low price 
OurCG3999 color graphicscom- the brightest color inthe indus- breakthrough is.offered exclu 
puter provides high 512x512. —_s try, as well as flicker-free 60 Hz sively by Chromatics. After all, 
resolution at the very lowest non-interlaced images. And for we're the world’s most colorful 
cost anywhere —just $5995. You only $895 more, you can add the computer company. For more in- 
not only get 512 x 512 individu-. — full keyboard pictured above. formation, contact your nearest 
ally addressable and individually Actually, it’s no surprise that — sales rep (listed opposite]. 
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The World’s Most Colortul Computer Company, 
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Chromatics, Inc./3923 Oakcliff Industrial Court’Atlanta, GA 30340/Phone: 404/447-8797/TWX: 810/766-4516 
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64K EPROMs 





from Texas Instruments. 


Defining the future. 





Ready today. 


EPROMs regularly double in den- 
sity — 128K devices are inevitable. 
By factoring TI’s new 64K EPROM 
into your plans today, you can pave 
the way for these greater densities 
and minimize system redesign. 
Because the new TMS2564 comes 
in a 600-mil, 28-pin, dual-in-line 
package. Plug compatible with that 
anticipated for the 128K EPROMs 
. and ROMs. When the time 
comes to upgrade, you'll be able to 
substitute one for the other. 
Outstanding compatibility 
In the meantime, the TMS2564 


EPROM allows you a great deal of 
latitude. For maximum compatibil- 
ity with present devices, its pinout 
is derived from the popular, indus- 
try-standard 24-pin 64K ROM sup- 
plied by eight sources. . 

On the new TMS2564, pins 26 and 
28 are reserved for the 5-V supply. 
With a supply trace to pin 26, both 
24- and 28-pin devices can be used 
with no jumpering. If you choose, 
you can even use smaller EPROMs 
without compatibility problems. 
And upgrading from the TMS2532 
32K EPROM is a snap. 


PACESETTING EPROMs FROM TI 


Power 
Supply 


Device 


TMS2564 
TMS25L32 
TMS2532 
TMS2516-35 
TMS2516 
TMS2508-25 
TMS2508-30 
TMS2716 
TMS27L08 
TMS2708 
TMS2708-35 


. Ta mr 70°C 


Description 


Typical Power (0°C) Access 


Operating 


Standby Time 





Low power | 


The TMS2564 offers you the lowest 
power per bit in the industry ... 
only 18 »W max active. A must for 
high reliability and low system 
operating costs. 


Widest choice 


Adding the TMS2564 to our fast- 
growing EPROM family gives you a 
choice unmatched in the market- 
place. All members are available in 
600-mil packages with industry- 
compatible pinouts. All share the 
reliable production-proven TI 
EPROM technology. 


Here now 


Tl’s TMS2564 has been in produc- 
tion since mid-1979. No need to wait 
— place your order today for the 
industry’s first 64K EPROM, from 
the industry’s first supplier of 16K 
and 32K EPROMs. Check your 
nearby TI sales office 
or authorized distribu- 


tor. Or write Texas ee sos 

Innovation 
Instruments Incorpo- fe 
rated, P.O. Box 1443, I} 
M/S 6965, Houston, 





Texas 77001. 


TEXAS INSTRUMENTS 


© 1980 Texas Instruments Incorporated 





INCORPORATED 
CIRCLE 22 





85135 














for ATE 


PROGRAMMABLE POWER FOR YOUR AUTOMATIC TEST EQUIPMENT 


KEPCO series] ATE 


power supplies 








programmable from IEEE-488 bus with Kepco 
digital interfaces 


automatic crossover voltage and current stabilization 
0.001% stabilization (load effect) 

0.0005% stabilization (source effect) 
programmable over-voltage crowbar with flag 
fast programming capability 

| five groups, 50 Watts to 1000 Watts 








250 WATT MODEL 


50 & 100 WATT MODELS 


KE re & C ® For complete specifications, write Dept. COF-05 


KEPCO, INC. » 131-38 SANFORD AVENUE + FLUSHING, N.Y. 11352 U.S.A. + (212) 461-7000 - TWX #710-582-2631 + Cable: KEPCOPOWER NEWYORK 
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WashingtonReport 





FCC’s AT&T ruling draws its first opposition 


The Computer and Communications Industry Association wants a review of the FCC decision 
to deregulate enhanced telecommunication services and terminal equipment. The ruling would 
permit AT&T to enter the data communications and data processing markets through a 
separate subsidiary. By 1982, the giant telephone company would be in direct competition 
with smaller terminal equipment manufacturers. 

CCIA is the first organization to challenge the FCC ruling, in the U.S. Court of Appeals 
for the District of Columbia. However, the U.S. Justice Department is also eyeing the FCC 
order. The order may permit AT&T to violate the terms of the 1956 consent decree, which 
bars the phone company from the data processing market. Expert opinion around Washington 
is that the consent decree may very well be dead. : 

The court ruling on the commission order will be crucial. Should it overturn the commission, 
AT&T would have to get action from a balky Congress before it could enter the data 
communication market, a feat it so far has been unable to accomplish. 





GSA reorganizes computer procurement office 


The General Services Administration, which does most of the government’s buying, will 
reorganize its Automated Data and Telecommunications Service(ATDS) “in response to the 
rapidly changing information technology field.” Plans call for streamlining the procurement 
structure and creating a decisionmaking group of four persons. 

ATDS Commissioner Frank Carr announced the creation of three new offices: an office 
of policy and planning, an office of software development and an office of program 
management. The policy and planning staff will make sure that the government’s regulations 
and services meet the needs of various agencies and are integrated with the equipment and 
services available in the marketplace. Policy and technical guidance questions regarding 
software will be handled by the software development office. The program management staff 
will handle the day-to-day procurement activities, assist the government’s agencies in data 
processing management and conduct research. Financial management and budget activities 
will be delegated to an executive director’s office. 

ATDS has governmentwide authority over the management, procurement and use of 
automated data processing and telecommunications equipment, software and services. 





Soviets may have a laser ASAT 


U.S. military research programs into laser weapons and antisatellite devices are in their 
infancy, but the Soviet Union may already have a practical laser “gun” that can hit low- 
altitude satellites. Reports to that effect—some of them attributed to White House intelligence 
estimates—indicate that the Soviet laser system is ground-based; an orbiting laser weapon 
may also be under development. A space-borne laser could hit military and communications 
satellites orbiting at higher altitudes. 





SBS demonstrates telecopier system 


Satellite Business Systems has given the first demonstration of its high-speed telecopier 
system at the firm’s headquarters near Washington. 

The system uses asend-receive terminal specially designed by AM International of Los 
Angeles. The terminal can send up to 4200 copies per hour and can store data for automatic 
transmission during off-peak hours. 
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WashingtonReport 





The SBS consortium was organized by IBM, Comsat and Aetna Life and Casualty to market 
satellite-based business communications services. Its service package includes the telecopying, 
data transmissions between computers, voice communications and teleconferences, all by 
satellite. Eight major corporations have signed up for the SBS service, according toa 
spokesman for the firm, with more expected by the time the first regular transmissions take 
place next January. The first SBS satellite will be launched this fall. 

To spur interest, SBS officials are working on a modified version for the many smaller 
businesses which cannot afford their own satellite earth stations. The concept calls for a central 
earth station linked to several participating firms by regular telephone lines—with FCC 
approval. Also, unlike the larger companies, the smaller firms may buy portions of the SBS 
service rather than the entire four-service package. 





Information industry will measure itself 


The Information Industry Association, a Washington-based trade organization, will 
undertake an annual industrywide survey of manufacturers and companies that produce 
information equipment, from word processors and digital equipment to satellite earth stations. 
The results should help companies in the field assess their market standing and adjust their 
marketing plans. 

The blind survey, now underway, will include data for 1979 and estimates for 1980 on 
employment, growth levels, new areas of exploration, product lines, markets served, foreign 
sales and overall financial pictures. 





Fewer consumer electronics enter the U.S. in first quarter 


Despite increases exceeding 200% in some areas, the unit imports of consumer electronic 
products into the U.S. declined 17.3% during the first quarter of 1980. According to the 
Consumer Electronics Group of the Electronic Industries Association, import declines occurred 
in color televisions, auto and home audio tape players, home radios, record players, record 
changers and turntables. 

Color television imports fell the sharpest: 50.7%, from 422,359 units in the first three months 
of 1979 to 208,245 units in the first quarter this year. 

Electronics products for which imports increased include monochrome television (up 17.5%), 
tape recorder/player combinations (up 17.9% for audio and 81.6% for video) and phonographs 
(up 226.1%). 


a aT a EE ST TE EN EY M8 A ES SEDER E O OI BSRESIU DENS I SG EW SB NEE SM TREES eR aR ER LL 
Capital Capsules | 


The Electronic Industries Association’s Imports Committee has asked for an injunction 
against the government’s settlement of dumping claims against Japanese manufacturers. 
Joined with the Committee to Preserve American Color Television (COMPACT), the EIA has 
placed its suit before the U.S. Court of Appeals for the District of Columbia. The Commerce 
Department and U.S. Customs Service agreed to accept $75 million in settlement of the 
dumping claims. U.S. firms want the Japanese firms to pay $400-700 million.... The Air Force 
is initiating a development program for integrated software support to improve the 
software development process for avionics systems. Present plans call for two yet-to-be- 
selected contractors to handle the project during its first phase....The engineering department 
at EIA has revised the standard for acceptance testing of radio receiver speakers and 
phasing of receiver loudspeakers. Under the new standard, vendors and users can more easily 
determine speaker parameters and tolerances and will get methods of measurement at 
incoming inspection. The document (RS-276-A) is available from ELA. 
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We'll help you see infra-red 





and put you on target as well. 


As manufacturers of the widest range 
of broadband infra-red detectors in 
Europe we offer designers an extensive 
range of devices to suit virtually all their 
project requirements. 
So, whether youw’re involved 

in infra-red detection for industrial, 
military or research applications in any 
of these fields, things are looking better 
for you: 

@ Gas analysis 

@ Laser detection and measurement 

@ Intruder and fire alarms 

@ Radiometry and spectroscopy 


Plessey infra-red detectors feature 
a range of element materials: ceramic, 
lithium tantalate, triglycine sulphate; 
a choice of windows and filters for 
selecting spectral response and a choice 
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of electronics to give the required signal 
response. 

And, if your need is for fast 
photovoltaic detectors for CO, laser 
range-finding applications, we can 
also offer lead tin telluride in the 
10-11 micron region. High 
D*(4 x 10°cmHz?W Ap, 800, 1) 
bandwith to 1OMHz and beyond. 

Whatever your requirements, ask 
for our latest catalogue to put you on 
target. 


@®PLESSEY 


Plessey Optoelectronics and Microwave Limited 

Wood Burcote Way, Towcester, Northants, United Kingdom NN127JN. 
Telephone: (0327) 51871 Telex: 311442 

Plessey Optoelectronics and Microwave Limited 

1641 Kaiser Avenue, Irving, California 92714, USA. 

Telephone: (714) 540 9934 TWX: 910 595 1930 
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Oscilloscope calibrator automates testing 








uC board boosts performance but not cost : 





Transient recorder offers flexibility plus economy 





COST/PERFORMANCE BREAKTHROUGH 
IN PROGRAMMABLE CONTROLLERS 





Heart of the system are — various interface cards make the 

two dedicated PC20 ideal for hierarchical control 
LOCMOS pPs — systems. The correct capacity/ 
response time can be provided at every 
level, with data communications all 

the way through to a central facility. 


Philips put the power of modern 
micro-electronics to work in this 
new-generation, modular 
system...PC20... one that 
can be used for both logic 
and sequence control. 
Like earlier Philips 
PLCs it employs Euro - 
card modules and 
simple program- 
ming, but in the 























Versatile 
programming aids 
Programming 
is carried out by the 
new illustrated table-top 
system | wT . | unit and an interface 
this is . | ; : ies, ym card that fits in the PC 


taken rack. The programming 
one step system is highly versatile: 
further by the use new programs can be 


developed on RAMs... 
dumped onto cassette for 
security and transferred to 
(E)PROMs for series production. 
Additionally it can be used to 


of dedicated micro- 
processors. These translate 
basic, easy-to-learn instructions —_ 
into sophisticated control and data 1k bit scratch- 
functions. pad memories 





and I/O of 104 through monitor operation, either cycle- 
Tailored to your needs to 8k bit scratchpad memories by-cycle or continously and to 
PC20’s modular design allows ittobe — and virtually unlimited |/O.Program make program updates and 
cost effective across a wide spectrum memories range from1k to 8k modifications. Program printouts or 
of applications ...from systems with | wordsinRAMor(E)PROM.Acommon  VDU displays can also be provided. 
- feature of all systems is the 1 ms cycle For full details on this break- 
| time for atypical 1k program memory... through in programmable controllers 
~2._—currentiy the fastest around... plus use the reader service number below 


high noise immunity andasingle10V__ or write to: 
power supply. These big benefits are 
the result of using Philips 


LOCMOS LSI’s. Philips Industries, 
ae Electronic Components and 
Hierarchical systems a Materials Division, 








The fully modular design 
and the 


Eindhoven, The Netherlands. 


Desk-top 
programming unit 


~ Double Eurocard 
modules make for easy installation 


puiips| §= Electronic 
Components or 4 Li PS 


and Materials CIRCLE 153 
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Oscilloscope calibrator automates testing 


The CG 551AP programmable 
oscilloscope-calibration generator 
from Tektronix International of- 
fers scope users an alternative to 
conventional maintenance—auto- 
mated testing and calibration. It 
can calibrate and verify major 
oscilloscope parameters with lit- 
tle help from the operator. 

The system provides step-by- 
step operator instructions and au- 
tomatically generates the proper 
type and sequence of test and 
calibration signals. System soft- 
ware in the form of the company’s 
Scope Cal Procedure Develop- 
ment Aid (SCPDA) program 
takes over much of the mea- 
surement of oscilloscope error as 
well as comparisons with the 
user’s permissible standards. 

The CG 551AP is designed to be 
an integral part of a system using 
an IEEE-488 bus. Typically, the 
unit will be part of a system that 


includes a controller for program 
development and execution and 
hard-copy or line printers for au- 
tomatic documentation. 

SCPDA takes the guesswork 
out of programming. A technician 
answers a series of controller- 
prompted questions. The front 
panel is used to set up each test 





condition. SCPDA takes the an- 
swers and front-panel settings 
during the CG 551AP’s “learn” 
mode and forms a program for the 
unskilled operator. . 

Tektronix International, P.O. 
Box 827, 1180 AV Amstelveen, 
The Netherlands. 020-471146. Tel- 
ex: 18312/183828. CIRCLE 501 


uC board boosts performance but not cost 


The NM4/95 minicomputer 
board system from Computer Au- 
tomation improves significantly 
on the performance of the 
NM4/90 but without significantly 
increasing the cost. The eight- 
register, 16-bit system has com- 
plete memory-management capa- 
bility for up to 8 Mbytes of error- 
correcting memory and _ high- 
speed cache. What’s more, the 
NM4/95 uses existing software, 
I/O interfaces and controllers, so 
current NM4/90 users can up- 
grade easily and economically. 

A memory-management unit 
gives the NM4/95 address-trans- 
lation capability, allowing memo- 
ry addressing to expand up to 8 
Mbytes. The MMU also provides 
page-access protection and re- 
cording for each 2-kbyte page of 





its read/write memory. 

In addition, the MMU contains 
a 2-kbyte cache with a 50-ns ac- 
cess time and a typical hit rate of 
85%. Effective access time slows 
to 150 ns when the cache is used 
with a new error-checking and 
correcting 580-ns RAM. 

All told, with 128 kbytes of 





RAM plus the MMU/cache, the 
NM4/95 works approximately 20 
to 25% faster than the NM4/90 
with equivalent memory. 
Computer Automation, Hert- 
ford House, Maple Cross, Rick- 


mansworth, Herts. WD2 2XD, 
England. Rickmansworth 71211. 
Telex: 922654. CIRCLE 502 
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Transient recorder offers flexibility plus economy 


A two-channel transient re- 
corder from Data Laboratories 
does more than provide dual- 
channel waveform storage with a 
wide range of recording and trig- 
gering modes. As part of the 
company’s 900 series, the DL902 
shares existing accessories and 
interface options, to make its 
£1350 price even more attractive. 

Flexibility is the key word. The 
DL902 may be used as a high- 
resolution oscilloscope storage ac- 
cessory, aS a high-speed wave- 
form-capture device for slower 
recorders, or as a waveform 
digitizer for a desktop computer 
or a minicomputer. 

Both recording channels can be 
filled simultaneously with wave- 
forms from. separate signal 





Op amp comes through 
hazardous environments 


A general-purpose operational 
amplifier, OPA 11HT, meets its 
performance figures, even at the 
temperature extremes of —55 to 
+175 C. Manufacture of the de- 
vice to military standards and 
rigorous inspection procedures re- 
sults in a device capable of per- 
forming in hazardous environ- 
ments. Features include a min- 
imum open-loop gain of 98 dB into 
a 2-kQ load, a wide bandwidth of 
50 kHz minimum at full power, 
aminimum current output of +10 
mA, a bias current of +40 nA 
maximum and a 100-dB common- 
mode rejection. The output of the 
device is current-limited to pro- 
vide short circuit protection. 

Burr-Brown International Ltd., 
Cassiobury House, 11-19 Station 
Rd., Watford, Herts WD1 1EA, 
England. Watford (0923) 33837. 
Telex: 922481. 

CIRCLE 504 
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sources via independently vari- 
able, high-impedance input am- 
plifiers. Each channel consists of 
a 2048 X 8-bit memory, giving the 
instrument 0.4% vertical and 
0.05% horizontal resolution. 

Each waveform is digitized by 
a monolithic a/d converter 
capable of a maximum sample 
rate of 1 MHz. This makes the 
DL902 useful for recording sig- 
nals containing frequencies up to 
250 kHz. 

Waveforms digitized and 
stored in the DL902 are auto- 
matically reconstituted to analog 
form for viewing as two separate 
traces on any single-beam os- 
cilloscope or a YT or XY chart 
recorder. Subsequent processing 
of the digitized data is facilitated 


Software turns floating 
point to decimal ASCIl 


A software package, 9511 Con- 
version Routines, converts the 
floating point format of the 9511 
arithmetic chip from and to deci- 
mal ASCII representations. Con- 
versions from 32-bit integer for- 
mat to decimal ASCII (and vice 
versa) are also supported. Con- 
version routines are optimized for 
speed. For example, float to deci- 
mal requires only 2.2 to 23 ms; 
decimal with exponent to float, 
1.5 to 11 ms; integer to decimal, 
0.5 to 3.9 ms; and decimal to 
integer, 0.3 to 2.2 ms. Execution 
times shown are for an 8080 mi- 
croprocessor. Times for an 8085 
microprocessor are approximate- 
ly 40% faster. The conversion rou- 
tines are supplied in EPROM, Isis 
II file or paper tape. 

Sorenson Software, Ravf- 
feisenstr. 1, D-6104 Seeheim, 
West Germany. 06257-83707. 

CIRCLE 505 





by a built-in interface, accessible 
via a 24-way connector located at 
the rear of the instrument. A 
binary-coded word-serial, bit-par- 
allel asynchronous interface is 
standard, but may be replaced by 
plug-in interfaces for RS-232 and 
IEEE-488 compatibility. 

Split time-base operation al- 
lows a recording sweep to change 
speed at a predetermined point 
during recording. Each channel 
incorporates a “hold” facility, al- 
lowing recorded information to be 
preserved for reference purposes 
while new records are taken in the 
other channel for comparison. 

Data Laboratories, 28 Wates 
Way, Mitcham, Surrey CR4 4HR, 
England. 01-640 5321. Telex: 
Datalab 947680. CIRCLE 503 





Interface puts controller 
on IEC bus 


A built-in IEC bus interface 
adapts the PTC temperature 
meter for use in automatic mea- 
surement and control systems. 
The controller measures tem- 
perature over a platinum re- 
sistance thermometer with a 
four-wire circuit. Accuracy is 
within 0.2° while resolution of 
0.1° is offered through the unit’s 
—100 to +800 C range. Tem- 
peratures detected with a sensor 
are compared with a set nominal 
value. A control signal, derived 
from a comparison, is used to 
switch a load relay or a control 
relay. A four-digit display in- 
dicates actual or nominal tem- 
perature in C or K. 

Rohde & Schwarz GmbH, 
Mihldorfstr. 15, Postfach 80 14 
69, D-8000 Munich 80, West Ger- 
many. (089) 41292625. Telex: 
523708. 

CIRCLE 506 





CheckOut __ 
the TEAC Floppy Disk Trio 


High-Reliability 5‘/." Floppy Disk Drive Series 


For convenient data storage on small 

computer systems, nothing can compete with 
floppy disk. The new, smaller, 5-1/4 inch floppy 
disk drives have become especially popular 
because of their convenience and cost 


performance. Using its accumulated recording 
equipment and computer peripheral technology, 
TEAC has developed its own 5-1/4 inch drives 
with reliability, access time, and features that 
are superior to the competition. 








FD-50C 


Double-Track-Density (100 Tracks/Inch) 
The FD-50C is a double- 
density-track version, compatible with 
the Micropolis 1015 Model Il. 
It uses a 100-track/inch 
ifo)gnat-lemie)amanle)acmasar-lal 
ofol¥) 0) (om iat-mer-\ey-leilaanemial= 
48-track/inch FD-50A. 
And as with the FD-50A, 
MFM and M2FM recording 
formats can be used if 
desired, further doubling 
the disk’s capacity. 


is {=if-1e) (=n fe) i=) (=e 
Brushless Motor 
TEAC used an extremely 
reliable brushless motor in 
these drives, making them 
the most reliable 5-1/4 inch 
floppies produced yet. 
Because the motor is so reliable 
TEAC engineers 
decided to have it run 
Pevore)a\tialu(elursi\’secsiiaaiiarclelsre 
the motor start-up time. 


FD-50A 
Single-Track-Density 
The FD-50A is TEAC’s 
basic single-sided, single- 
density model. It is fully 
compatible with the Shugart SA 400, 
but head load and access times are 
about twice as fast. In 
addition to the usual 
mV in asxere)celialemce)anat-lemiarowiyialY) 
FeV alo Mm \Y/ cama Yi oiexe) gel are| 
formats can also be used, 
effectively doubling the 
disk’s capacity. 
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TEAC. 


FD-50E 


Double-Track-Density (96 Tracks/Inch) 
The FD-50E is another 
double-track-density model. 

FM, MFM and M2FM 
recording formats may be used, 
allowing a total capacity of 
up to 500K bytes. 

Wh alemiia)(clat-(exsmes elcreijiler-lile)a 
comprise with proposed 
PAN ho) ts) f= lal f= 160 (oe 





Precision Head Seek 
A high-precision 
lead screw method is used for 
eless)i4e)aliare mai cmatsr=(emcemmeat=: 
correct track. The improved 
positioning accuracy 
greatly reduces 
the possibility of a 
data error. 








TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1111 


@ U.S.A. TEAC Corporation of America, Tel: (213) 726-0303 @ Canada R.H. Nichols Co., Ltd., Tel: (416) 661-3190 @ Hongkong Dah Chong Hong Ltd., Tel: 5-261111, 5-226258 
@ Australia & New Zealand Jacoby Mitchell Ltd., Tel: 6307400 @ South Africa Mayfair Sales (Pty) Ltd., Tel: 011-834-2131 @ Belgium & Luxemburg Simac Electronics S.P.R.L. 
@ Denmark Danbit, Tel: (03) 141515 @ France Tekelec Airtronic S.A., Tel: (027) 7536 @ Holland Simac Electronics B.V., Tel: 040-533725 @ Italy A.E.S.S.E. S.R.L., Tel: 54.64.741-2-3 
@ Switzerland Wenger Datentechnik, Tel: 061-34 50 96 @ Spain Ataio Ingenieros S.A., Tel: (215) 3543 @ Sweden Scantel AB, Tel: 08-24 58 25 ®West Germany & Austria nbn 
Electronik Starnberg, Tel: (08151) 13036 
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Scope range extends 





A dual-trace oscilloscope, 
CS-1577, catches high-frequency, 
fast transient pulses within an 
operational range of de to 30 MHz. 
Vertical sensitivity is 2 mV/divi- 
sion. Sweep times range from 0.1 
us to 0.5 us/division. Monitoring 
of the leading edges of fast 
risetime pulses is simplified by 
the inclusion of signal delay in the 
vertical amplifier. Features in- 
clude automatic synchronization, 
a single-sweep facility for ob- 
servation of non-recurrent events 
and an “auto free-run” mode, 
which enables the display of a 
trace in the absence of an input 
signal. The oscilloscope is made 
by Trio of Japan. 

House of Instruments, 34/36 
Migh St., Saffron Walden, Essex 
CB10 1EP, England. (0799) 22612. 
Telex: 81653. CIRCLE 508 





Noise source tests 
system performance 








eon 4 


A noise source, the SUF 2, pro- 
duces a wide spectrum of noise 
with equal energy per unit 
bandwidth over a range of 20 Hz 
to 50 MHz. Output voltage is 1 V 
rms into a 75-Q load. A choice of 
four-noise bandwidths allow 
measurements at audio frequen- 
cy, FDM carrier frequency and 
video frequency. Level can be set 
in 1-dB steps over a range of 0 to 


—100 dB with the 110 kHz or 6- 
MHz bandwidths selected. Level 
is set over a 0 to —80 dB range 
with the 50 MHz range selected. 
Options include “pink” noise, “tri- 
angular” noise and “sound-pro- 
gram” noise. 

Rohde & Schwarz GmbH, 
Muhldorfstr. 15, Postfach 80 14 
69. D-8000, Munich 80, West Ger- 
many. (089) 41292625. Telex: 
D238 703 CIRCLE 509 


Digital controller 
works as LC slave 


An industrial digital controller, 
the Intel iSBC 941, operates as a 
slave to a microcomputer. The 
device processes most digital I/O 
signals found in industrial control 
systems and frees a master micro- 
computer from many routine 
tasks. Typical applications in- 
clude switch sensing, motor-speed 
control, stepper-motor applica- 
tions and serial communications. 
The slave controller senses a 
change of state and can count and 
generate pulses, as well as mea- 
sure time periods and frequen- 
cies. Nine preprogrammed prima- 
ry functions can be requested by 
the master microcomputer. The 
device is housed in a DIP and 
requires a single 5-V de supply. 

GEC Semiconductors, East 
Lane, Wembley, Middlesex HA9 
7PP, England. (01904) 9303. Telex: 
28817. 

CIRCLE 510 





Test set checks 
transmitters to 520 MHz 


A transmitter test set, TTS520, 
part of a system controlled by a 
desktop computer, monitors the 
performance of units with out- 
puts of 100 W. The transmitter 
test set joins a synthesized signal 
generator (Model SSG520BD) and 
a suitable controller, through an 
IEEE-488 interface module 





(SGIB-B) to form acomposite sys- 
tem. TTS520 incorporates an rf 
counter, an automatic modulation 
meter, a directional rf power 
meter, an audio-frequency volt- 
meter and synthesizer, a distor- 
tion analyzer, an audio-frequency 
counter, weighting filters and an 
rf-power load/attenuator. Among 
the measurements the system can 
handle are transmitter frequen- 
cy, power and modulation level, 
sensitivity, bandwidth, distortion 
and frequency. Also, transmitter 
continuous-tone modulation 
checks and measurement of an- 
tenna efficiency can be carried 
out. 

Franell Instruments Lid., 
Sandbeck Way, Wetherby LS22 
4DH, Yorkshire, England. (0937) 
63541. CIRCLE 511 





Toroidal transformers 
give high power 








Series 6000 toroidal trans- 
formers include 52 different types 
in nine standard power ratings 
between 15 and 500 VA. Primary 
voltage is 220 V ac. Because of 
their design, the transformers of- 
fer low weight, high power and 
extremely low magnetic in- 
terference fields. The parts can be 
mounted by use of a centering 
washer or, on the 30 to 120-VA 
sizes, they can be potted in a 
macrolon housing. Maximum 
height ranges from 31 mm on the 
15-VA sizes to 62 mm on the 500- 
VA models. Outside diameter var- 
ies from 60 to 115 mm. 

Talema Elecktronik GmbH, 
Bahnhofplatz 20, Postfach 31, 
80384 Germering, West Germany. 
089/84 30 33-386. Telex: 05 21 30 60. 
CIRCLE 512 
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Choose any of these 
multilayer ceramic parts 
_ and we promise 
immediate despatch. 















CAPACITANCE (uF) 
Moulded 





See ‘DIPGuard’ 
‘Skycap’ Dipped Radial Axial | Dual-in-Line 


xasov [00 a4 
0.022 0.022 0.022 
0.047 |0.047] 0.22 0.047 
OF 10.4 1035 
0.47| 1.0 | 


(Suitable for 
0.01 














63V) 






+20% Tol. 










Z5U 50V 
(Suitable for 
63V) 










—20+80% Tol. 





Good news if you use decoupling capacitors in microprocessor, 
memory and other electronic circuit designs. Now you can get more 
than 40 of the most popular multilayer ceramic types despatched to you 
immediately on receipt of your order. 
ust think what that means for you. 

We call this service AVX EXPRESS. We back it with millions of 
capacitors in stock; with a new European factory; and with a network o 
AVX offices, agents and distributors throughout 
Europe to ensure this immediate despatch service. A 

Your nearest AVX address will send you a copy of 
our decoupling catalogue packed with specifications, | IN EUROPE 
applications data and details of the AVX Express Service - 
immediately, of course. | 





AVX Limited, AVX House, Manor Park, Aldershot, Hants. GU12 4RG, England. Tel: (0252) 312131. Telex: 858473. 


AVX Ltd. Tour Neptune, Défense 1, Cedex 20, 92086 Paris La Défense. Tel: 774. 91. 95. 
AVX Ceramics GmbH, Feuerbachstr. 27, 8800 Ansbach. Tel: 0981/5695. Telex: 61760. 
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Baked wires boost 
transformer strength 


The short-circuit strength of 
power transformer windings is 
increased through the use of a 
baked varnish layer. The epoxy- 
based layer, applied over the in- 
sulating enamel, allows the ele- 
ments of the twisted conductor 
winding to adhere to each other. 
During drying, the baked varnish 
hardens and binds the twisted 
conductors so that they cannot be 
shifted toward each other by 
short-circuit currents. Baked- 
varnish twisted conductors are 
available in two versions: single 
copper-conductor yield points of 
80 to 140 N/mm? and 140 to 200 
N/mm?. 

Felten & Guilleauwme Carls- 
werk AG, Winding Conductor 
Div., Korbacher Strasse 4, D-3548 
Arolsen, Federal Republic of Ger- 
many, (0221) 676 (1). Telex: 
088738261 fug d. CIRCLE 513 


INTERNATIONAL 


reaching an international circulation of 
nearly 20,000 subscribers including Western 
European circulation of 16,192 











Charge amp adapts to 
varied measuring jobs 


A charge amplifier, used with 
piezoelectric pressure and force 
transducers, makes dynamic and 
quasistatic measurements. Type 
5053 is assembled on a Europa PC 
board and consists of individual 
plug-in modules, permitting it to 
be adapted to a variety of measur- 
ing duties. The amplifier module 
comes in two versions: one with 
a MOSFET input stage for min- 
imum drift with quasistatic 
measurements and a second ver- 
sion with a JFET input stage for 





Free 
Catalog! 





high overload security. Up to five 
different range modules can be 
selected via an external electrical | 
signal. : 

Kistler Instrument AG, Post- 
Fach 304, CH-Winterthur, Switz- 
erland. (052) 25 2821.CIRCLE 514 





Indicator freezes 
max/min reading 

A process indicator, Type 107, 
displays maximum or minimum 
peak readings of any industrial 
parameter. The indicator also 
provides continuous measure- 
ment on any of 19 programmed 
ranges stored in its own micro- 
computer. A variety of thermo- 
couple ranges are offered with 
automatic cold-junction compen- 
sation. 

Control & Readout, Woods 
Way, Goring-by-Sea, Worthing, 
West Sussex BN12 4TH, England. 
(0903) 502599. Telex: 877169. 

CIRCLE 515 


Jensen 
Electronic Tool Kits 
and Tool Cases 


Jensen is the leader in finest quality tool kits used 
by electronic technicians, engineers, scientists, 
laboratories, and government agencies. More than 
50 stock models to choose from in a wide selection 
of one, two and three-pallet cases, or Jensen will 
custom design tool kits to your specifications. 


Features tool kits, tool cases and 
test equipment, plus a selection of 
hard-to-find precision tools. 


JENSEN TOOLS INC. 
1230 S. Priest Dr. Tempe, AZ. 85281 U.S.A. 
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His basic concept was no worse than that ofthe 
Wright brothers, Dornier or de Havilland. But his 
downfall was a component — beeswax. The relia- 
bility of this component failed when subjected to 
extreme operational conditions. 


And the absolute 
reliability of even the 
smallest, seemingly 
most insignificant com- 
ponents is an essential 
today too in the age of 
large-scale series pro- 
duction. 


pensable pre-conditions for meeting 

y today’s high demands on product qual- 
, ity. Continuous mathematical-statistical 
monitoring guarantees the AQL value you 
demand for yoursystems and equipment. This not 
only saves you a lot of 
inspection costs in your 
receiving department 
but also a lot of trouble 
that hold-ups in your pro- 
duction would cause 
yOu. 
Butdo notletthis stop 
you. making random 
checks -— after all, we are. 
pleased too when you 
find Harting quality con- 
firmed on every test you 





Harting produces 
electrical components. | 
Its wide range of Series 
Gds A connectors as per 
DIN 41612, VG 95324, make. For then, in com- 
IEC 130-14 and BS 9525, ———— pany with many leading 
from heavy-duty connectors through to sole- | international producers and users of electronic 
noids, offers you just this absolute reliability and | equipment and systems, you too will find that. 
security. Whether your production is measured in Every Harting product is a high-flier on quality! 


tens or in tens of thousands. : Cee ae 
ie poet HARTING ELEKTRONIK GmbH 
Specifically to achieve this standardofreliability | Postfach 1140 
we have invested a great deal in production | D-4992 Espelkamp 


os technology, automatic production controls | a (05772) 47-1 
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Belgium: B.V. Handelsmaatschappij BLESSING-ETRA, Division ELTORACO S.A.N.V., Bd. St. Michel 50 - 52, B-1040 Brussel. Denmark: Knud Wexoe AS, Skaettekaeret 11, 
DK-2840 Holte. Finland: SKS Suomalainen Kone Oy, Kumpulantie 15, SF-00521 Helsinki 52. France: HARTING ELEKTRONIK S.A.R.L., BP 24, F-94120 Fontenay-Sous 
Bois Cedex. Great Britain: Klippon Electricals Ltd., Power Station Road, GB-Sheerness/Kent ME 12 3AB. Italy: Connectel S.R.L., Via Lincoln 7/C, I-20092 Cini- 
selloBalsamo (MI). Netherland: Jobarco B.V., Stephensonstraat 2, Ind. Gelande Zoeterhage, NL-2700 AD Zoetermeer. Norway: Henaco A/S, P.O. Box 248/Okern, N-Oslo 5. 
Austria: Burisch Ges. m.b.H. & Co. KG, Scheydgasse 31, A-1210 Wien. Sweden: Nordisk Elimport AB, Liusnevagen 3, S-12161 Johanneshov. Switzerland: Interelectronic 
E. Oertli, Kirchenweg 5, CH-8032 Zurich. Spain: Elion S.A., Farell 9-11, 60, E-Barcelona 14. Bulgaria, CSSR, Jugoslavia, Poland, Rumania, Hungaria: Gebhard Balluff KG, 
Niederlassung Osterreich, Kampstr. 1, A-2346 Maria Enzersdorf-Sudstadct. SES WACHTER BREMEN 
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SCOUT’ is asmart minicomputer. He 
can tell you when one ot his 

_) boards is bad. Good SCOUT! 

How does SCOUT do this? 
~ SCOUT has ISOLITE. 

Do you see the red light? It 
means ISOLITE is testing 
the board. If the light stays 
on, the board is bad. Bad 
boards don’t get to play any- 
more. They get replaced 
with a spare 6.25" x 8.3” card 
in about three minutes. 

Isn’t ISOLITE neat? It can 
even test your 
whole system every time 
you turn SCOUT on. 

Does SCOUT turn you on? 

Think what three-minute maintenance 
could do for your bottom line. Think what it | 
could do for your product line. Everyone will 
love your products. You will grow very rich. 

You will save up front, too. 


. 



















SCOUT starts at 
less than $1K for me eee ae 
a 1B lee See the light. 
Tages ry. © : Every bit of the 16-bit performance you need, 
and eard Cage. So, plus incredible operating economy. It’s all 
S C OUT also speaks in our pb weasel ies primer, : 
A Plug for SCOUT: t r free copy wit 
to value * this Pace ae anda Anes oie: Or, igi 
G * < C OUT diate information, call 714/833-8830, Ext. 455. 
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Name Title 
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Company 





Address 





City State Zip 


ComputerAutomation 


NAKED MINI® Division 


Where OEM’S come first. 
18651 Von Karman, Irvine, CA 927138 
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SCOUT and ISOLITE are registered trademarks of Computer Automation, Inc. 
CIRCLE 32 


hn oni eee cs sec weep 














For years, two things kept many design engineers from using pressure 
transducers. Cost and size. _ . ne —. 

So MICRO SWITCH designed the 130PC series. Miniature, solid state 
pressure transducers priced so they can even be used in applications they 
weren't practical in before. 

In some applications, like a mini weather balloon that uses the 130PC to 
measure barometric pressure, it’s affordable enough to use only once. 

And because it has a high degree of accuracy (repeatability is 0.15% 
of full scale output) as well as a low price, the 130PC is being used in home 
blood pressure monitors. 

sing laser-trimmed thick-film resistors on 135PC versions makes one 
transducer just as accurate as the next. And the 136PC is the only miniature 
transducer that uses a thick-film thermistor to compensate for temperature 
changes between 0°C and 50°C. 

he 130PC series, Ra e or absolute, is available in 0-5, 0-15, and 0-30 psi 
ranges. Just like our 12 series, which also has differential sensing _ 
capability, and our fully signal-conditioned 140PC series, which also has a 

-] psi version. 

Now that there’s an affordable miniature 
pressure transducer, find out more about 
it. For details and the location of our 
sales offices and distributors around 
the world, write MICRO SWITCH, 
The Sensor Consultants, Freeport, 


Illinois 61032. Or call 815-235-6600. 







a Honeywell Division 
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Technology | 


Moving high-speed digital signals from point to point in logic 
circuits requires interconnecting techniques that allow impedance 


matching and crosstalk control. 





Challenge: interconnections 
for rising data speeds 


With pressure to increase digital-data speeds un- 
relenting, design engineers constantly find them- 
selves facing two major problems: designing the 
relatively short interconnections within circuit 
boards, and designing longer interconnections be- 
tween boards, boxes and racks. In both cases, the 
logic signals must be coupled with minimum de- 
terioration and crosstalk. 

To solve the PC-board problem, advanced-semi- 
conductor manufacturers say pack as much circuitry 
as possible onto large monolithic semiconductor 
chips (VLSIs). This will shorten distances and thus 
delay times between circuit components. Indeed, this 
approach apparently eliminates the need for much 
of the intraboard interconnection otherwise required 





Morris Grossman, Packaging & Power Editor 





Courtesy of AMP, Inc. 
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between LSIs, MSIs and other logic chips needed in 
a typical digital circuit. (A major report on VLSI 
technology is included in ELECTRONIC DESIGN’s 
Semiconductor Technology issue, June 7, 1980, p. 63.) 

But after all the circuits have been crammed onto 
a single chip, the new VLSI chips still need to be 
interconnected on circuit boards, and the boards 
interconnected into a system. Furthermore, no mat- 
ter how many functions are put onto single chips, 
the pressure remains to fill the boards with chips, 
and then fill the system cabinets with boards. Mini- 
computers may be replaced by smaller micro- 
computers, but then the micro units grow to mini 
sizes—offering 16-bit and then 32-bit word lengths 
with millions of bits of memory. 

In addition, developing a VLSI is expensive; there- 
fore, either the application must provide a market 
for high production volume to spread the develop- 
ment cost, or the application must be important 
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Interconnections 





enough to justify a high cost per chip. When neither 
condition applies, but the need for modernizing and 
upgrading to a high-speed-data capability does, logic 
modules such as the ECL series can solve the 
problem. With ECL, however, the familiar intercon- 
nection problems—ringing reflections and crosstalk 
—can become particularly acute. 

Trouble is, high data speeds require specially 
designed signal paths. A design article by Jim 
Fetterolf of AMP, Inc. (p. 95) covers the basics of 
high-data-speed, transmission-line impedance- 
matching and crosstalk problems, and how intercon- 
nect impedances can be controlled with microstrip, 
twisted-pair and flat-cable connecting techniques. 

Another design article (p. 113), by John A. Pierce 
and Ed Malitz of Formation, Inc. and Mike Wilson 


of Automated Systems, Inc., describes how high- 
speed ECL circuit-board design can be automated to 
follow these transmission-line concepts and avoid the 
problems of impedance discontinuities, reflections 
and crosstalk in such special equipment as high- 
speed computers. 

But whether dealing with high or low-speed sig- 
nals, the signals eventually must go through connec- 
tors and switches. Unconventional conductive- 
elastomer materials offer effective and economical 
solutions in many applications. Designers wishing 
to get involved, however, should get to know conduc- 
tive elastomer materials better and avoid potential 
pitfalls by reading the design article by Harry Stern 
of Conductive Rubber Technology, “Conductive- 
Elastomer Applications Abound” (p. 105). 


Conductive elastomers—versatile fill-ins 


When used as connectors, conductive elastomers 
could offer many advantages, especially in applica- 
tions such as connecting liquid-crystal displays and 
the emerging generation of chip carriers to PC 
boards. An elastomeric connector consists of alter- 
nate layers of conducting and insulating elastomeric 
rubberlike material, generally a silicone (Fig. 1). The 
elastomer is basically an insulator, but when filled 
with a conducting material like carbon or silver 
(Tecknit, Cranford, NJ, calls its versions Zebras), it 
will conduct electricity: Carbon-filled units provide 
relatively high resistances of 10 to 1200 2—silver- 





1. Alternate layers of conductive and insulating elastomeric 
materials, whose pitch (conductor-to-conductor spacing) is 
finer than the spacing between the contacts to be mated, 
make excellent connectors between stacked circuit boards. 
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filled units considerably less. 

For example, in Silver Stax, a silver-filled 
conductive-elastomer connector made by Hulltronics 
Ine. (Hatboro, PA), contact resistance decreases to 
40 to 60 mQ. It comes in 1, 2 and 3-in.-long strips. 
With time, the silver powder or flakes that fill the 
conductive silicone-rubber layers between the in- 
sulating layers (each layer is 2 mm thick) tend to 
become packed and contact resistance drops even 
lower—to about 10 mQ for a 50-mm-square pad. 

Japan’s Shin-Etsu Polymer Co. offers the silver- 
filled HL Series (handled in the U.S. by Conductive 
Rubber Technology, Santa Barbara, CA). Silver 
powder in a sponge-rubber base provides contact 
resistances less than 1 2, with unusually low com- 
pression forces—just 1 lb/in. is needed for 10% 
compression. In 7-in. lengths, the strips provide gas- 
tight contacts that protect the silver from tarnishing. 
Also, the special formulation prevents silver migra- 
tion, a serious problem plaguing most silver-filled 
elastomers. 

In another form, high conductivity (25 to 50 mQ) 
is provided by equally spaced, imbedded thin wires 
that are insulated from each other. (Tecknit offers 
such a product called Conmet, with up to 40 wires/in. 
interspersed in 0.03-in.-wide silicone strips.) 

But conductive elastomers also can be used as 
switches (Fig. 2). When in sheet form, the material 
becomes particularly suitable for making low-cost 
multiswitch keyboard pads. Companies such as 
Chomerics (Woburn, MA) and Flex-Key (Gloucester, 
MA) specialize in such membrane keyboards; Tecknit 
makes switch contacts (ESCON) and Conductive 
Rubber Technology also includes switches among its 
many other conductive-elastomer products. 








2. Amajor application for conductive elastomers is in low- 
cost switches, such as this keypad offered by Conductive 
Rubber Technology. 


Not only that, but conductive elastomers can be 
made into excellent conductive gaskets and EMI 
shields (ELECTRONIC DESIGN, April 26, 1979, p. 87), 
a specialty of the Metex Corp. (Durham, NJ). 

In both gasket and connector applications, the 


elastomer material is sandwiched between rigid © 


mating units, which allows the material’s soft com- 
pliance to eliminate any problems associated with 
differences in thermal-coefficient expansion between 
the mating parts. Also, since no soldering or 


“ CONNECTOR — 


oe 


PC BOARD 


of styles and sizes for devices of almost every size. 


3. Connectors for LCDs (left) and the new square chip carriers (right), as made by Tecknit, come in a variety 


mating/unmating forces are involved, densely pack- 
aged parts and subassemblies may be assembled and 
disassembled rapidly without the danger of damage 
to delicate components such as LCDs, chip carriers 
and small circuit cards. 

To top it off, electrical contacting surfaces on the 
mating parts do not need any special treatment. Nor, 
in general, do they need to be made of special 
materials (for connectors, however, gold—a very thin 
10-uin. flash is enough—is preferred for high-re- 
liability applications). The rubberlike elastomeric 
material makes contact with mating surfaces 
without abrasion (thus, the gold plating can be very 
thin). Mating surfaces for most ordinary applications 
can be made of nickel, stainless steel, tin, conductive 
plastics and many other conductive materials. In 
addition, the materials’s compliance can absorb me- 
chanical vibration and shocks, thus protecting delli- 
cate parts in devices like clocks, watches and 
tachometers. 

But the prime application areas for conductive 
elastomers are connecting LCDs (Fig. 3a) or the 
coming chip carriers to PC boards. In the former 
application area, the material’s low-force require- 
ments allow using long lengths, up to 8 in. of the 
elastomer, which eliminates the possibility of bowing 
the mating board. 

However, the latter application area looks especial- 
ly promising (see Fig. 8b and ELECTRONIC DESIGN, 
March 15, 1979, p. 36). 


Elastomeric 
Connecting 


Elements 


| Socket 


PC Board, 





Electronic Design ¢ June 21, 1980 65 






Interconnections 





Integrated-circuit manufacturers, having spent 
hundreds of millions of dollars over the years to 
squeeze thousands of circuits onto tiny silicon chips, 
now face the prospect of spending additional millions 
to develop chip carriers and lead frames that enlarge 
the chip-contact configurations. This way, thecircuits 
can be connected to the outside world. These contacts 
and their leads can occupy as much room as the 
circuits, or even more. 

Elastomeric connectors, however, could be de- 


signed eventually to eliminate most of this contact 


space, and save the real estate so painstakingly and 
expensively won by the IC makers. What’s more, 
conductive-elastomer connectors would be especially 
suitable for connecting vertically stacked circuits 
and components. Such piggybacking of chip carriers 
or VLSI substrates can further increase the circuit 
density, and still allow quick disassembly for access 
to all parts in the stack. 

EKlastomeric connectors have been applied by 
Tecknit to several compact assemblies, such as a 
tachometer and an electronic chronograph. 


Data speed puts convenience second 


Elastomeric connectors, or any other kind, are 
designed primarily to make assembly and dis- 
assembly of parts and subassemblies convenient. But 
when signal bandwidths rise to the region of 350 
MHz, which corresponds to data-signal rise times of 
about 1 ns, transporting the signals from point to 
point with a specified fidelity imposes special re- 
quirements on connectors that replace convenience 
aS a primary consideration. 

In fact, the very wiring between and within compo- 
nents becomes a crucial issue, and particularly when 
emitter-coupled logic—probably the fastest class of 
logic circuits available—is used. Unfortunately, ECL 
devices are very difficult to represent accurately 
with passive, linear equivalent circuits, so ballpark 
figures are the best that can be expected (see “Wiring 
for High-Speed Logic”). 

Nevertheless, wiring rules for ECL can be estab- 
lished based upon the well established principles of 
transmission-line techniques, and boards can be 
successfully designed and wired. 

Trouble is, applying the many rules—especially 
keeping track and documenting many wiring paths 
for any reasonably complex system—is a major job 
best done with a computer. Automated Systems (El 
Segundo, CA), for one, has joined with Formation, 
Inc. (Mount Laurel, NJ) to develop a program 
(PRANCE TTL/ECL) for ECL “wiring” on PC 
boards. Other companies supply a program on 
punched cards to guide an automatic Gardner-Den- 
ver Wire-Wrap machine. 

Although wire-wrappable ECL boards (especially 
those designed with microstrip techniques) may have 
greater impedance variations than PC boards, Augat 
(Attleboro, MA), Hybricon (Littleton, MA), Garry 
Manufacturing (New Brunswick, NJ) and Electronic 
Moulding Corp. (Woonsocket, RI), among others, 
claim that these variations can be kept well within 
acceptable limits when the proper rules of lead- 
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length limiting, net terminating and wire routing are 
followed. At the same time, the boards must have 
not only built-in ground and reference planes that 
cover most of the board area but also strategically 
located mounting provisions for terminating and 
pull-down resistors. 

A major advantage of wire-wrapped boards is that 
they can be updated readily in the field. Interconnec- 
tions are easily rerouted or changed: Merely unwrap 
unwanted wires and place new ones between proper 
pins with a simple hand tool. PC boards, on the other 
hand, might have to be discarded for other than very 
minor changes. 

Density is another wire-wrapping advantage. A 
PC board would need as many as 15 layers to equal 
the wiring density of a typical wire-wrappable board. 
Not only that, but multilayered boards need long lead 
times to design and are not easily changed once 
fabricated. 

Once wire routing has been established (by a 
computer program, preferably), many wire-wrap- 
ping services (including Gardner-Denver’s) are avail- 
able to wire boards automatically (or semi- 
automatically). Data Con (Woburn, MA), Garry 
Manufacturing and Excel Products (New Brunswick, 
NJ) offer such services, including standard wire- 
route design and documentation. 

When wiring impedance must be closely con- 
trolled, other wiring methods, such as Stitch Wire 
(by the Multi Link Div. of Odeties, Inc., Anaheim, 
CA) or Multiwire (by the Kollmorgen Corp., Glen 
Cove, NY) claim even better results. Wire dressing 
and routing generally can be held closer to the board 
and lengths better regulated than with wire wrap- 
ping. All points common to a single net can be 
connected by a single, unbroken wire (thus pres- 
enting fewer discontinuities), and any degree of 
desired automation is available. Unlike wire wrap- 
ping, however, these special wiring systems, and the 





Wiring for high-speed logic 


To help establish wiring rules for ECL logic, the 
design engineer can turn to a linear equivalent circuit, 
even though ECL circuits are far from linear. The top 
figure shows a suggested approximation for an ECL- 
gate output driving another ECL-gate input. Depend- 
ing on the ECL family, the gate’s incremental output 
resistance, R,, can be between 5 and 202 and the gate’s 
input resistance, R., about 50 kQ (worst case at logic- 
level ONE). Capacitance, C, results mostly from compo- 
nents, connectors and wiring, and is generally about 
8 to 10 pF per gate load. And L, the series inductance 
of the signal path (wiring, connector pins, etc.), is 
roughly 5 to 10 nH/in. Trouble is, these values can 
vary greatly depending on the dress, length and gauge 
of the wiring, and the material of the circuit board. 

A sharp rise time from a gate output of 2 ns (or 
less) will excite the LC circuit to overshoot and 
generate ringing as shown. Long lead lengths (there- 
fore high inductance) and high stray capacitance 
aggravate overshoot. Overshoot is reduced most effec- 
tively by good wiring techniques—using short leads, 
running them close to the ground plane and using flat 
conductors—all of which reduce inductance. (The level 
of the stray capacitance, however, is difficult to 
reduce. Indeed, running leads close to ground in- 
creases capacitance.) In addition, a resistor, R, (10 to 
30), in series with a gate input lead, can help dampen 
overshoot. 

All that’s fine, except that the suggested equivalent 
circuit leaves out a very important part of the story: 
the need for impedance matching. As the signal-path 
length from source to load starts to represent a 
substantial portion of a wavelength (more than 10%), 
signal reflections from the interfaces with the path 
can cause as much (or more) trouble as ringing— 
unless the signal-path characteristic impedance 
matches the rest of the circuit parts (input and load). 

The impedance of a wire-over-ground interconnec- 
tion can be approximated by the following equation: 


Z- J i/Cs ose ( 2) 





ey 


where D is the distance of the wire from the ground 
plane, d is the wire’s diameter and ¢, is the dielectric 
constant between wire and ground. 

To keep Z, low—in the vicinity of 50 to 100 2—D 
should be small. In other words, the wire should be 
close to the ground (which reduces L and increases 
C). Fortunately, Z, is not very sensitive to changes 
in the D/d ratio because of the logarithm in the 
equation; therefore, methods like wire wrapping do 








not introduce serious discontinuities as D changes. 

A typical 100-2 line-over-ground configuration (D/d 
~ 1.3) in air has about 9-nH/in. inductance, but only 
about 0.8-pF/in. capacitance—low when compared to 
the previously mentioned total of 8 to 10 pF/in. This 
explains why impedance and delays are minimally 


affected by changes in C and depend mostly on the © 


L of the wiring. 

Of all the wiring methods, microstrip wiring as- 
sures not only close proximity of the conductors to 
ground but also a uniform spacing from ground—and 
therefore constant impedance. Microstrip is part of 
a class of transmission-line technology first in- 
troduced for rf microwave circuits. The configuration 


in the bottom figure is an outgrowth of coaxial 


geometry, but implemented in a planar fashion on PC 
boards as well as in some types of flat cables. 
The conductor’s width, and its thickness, h, is small 
relative to the ground-plane width, g. Also, the dielec- 
tric thickness, d, is less than one-quarter the 
wavelength of the signal (dielectric constant is «,). 
Except for a small leakage flux, the characteristic 
impedance would be simply 
7, = 871 Ojala. 
= Tg JG, 
where C is the strip’s capacitance to ground in farads 
per unit length, and T, is the dielectric’s propagation 
delay in seconds. 
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equipment and boards to implement them, are pro- 
prietary and not as widely available. 

Although such above-the-ground-plane wiring 
methods can help keep overshoot, reflections and 
crosstalk problems under control, the ultimate 
impedance-controlled interconnection is the coaxial 
connection. Unfortunately, the cylindrical geometry 
of a coaxial interconnection is not very compatible 
with, or convenient for, wiring on the planar 
geometry of a PC board. 

Theoretically, this cylindrical geometry can be 
replaced by a sandwich consisting of a flat conductor 
between two infinite ground planes, called stripline. 
When the top ground plane is removed, microstrip 
geometry results, which is perfectly compatible with 
PC-board technology. 

Despite an apparently radically different physical 
arrangement, the desirable transverse elec- 
tromagnetic mode (TEM) of the coaxial geometry is 
still retained to a great extent in microstrip. The path 
through air of some of the electric flux does not 
disturb the TEM mode substantially. As a result, 
high-speed data signals can be handled with fidelity. 
But designers must pay close attention to impedance 
matching and to the parallelism rules for keeping 
crosstalk down. 

Unfortunately, microstrip—or other etched-cop- 
per PC-board wiring—is not as readily adaptable to 
changes and revision as the above-the-ground-plane 
methods, especially when circuit complexity requires 





Woven cable, a very versatile way of providing a controlled- 
impedance interconnection, is exemplified by these Woven 
Electronics’ flat-cable configurations. 
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tic, CT), 


a multilayered PC configuration. Multilayered 
boards require long-lead times and become economi- 
cal mostly for large-quantity production. The rival 
wiring techniques, especially when automated, can 
handle both small and large quantities economically. 


Flat/ribbon cable tightens impedance control 


However, the planar geometry of the microstrip 
does carry over into cable in the form of flat, or 
ribbon, cable—and with it goes the advantages of 
close impedance control and a good measure of 
crosstalk reduction. 

Although many engineers use the terms “flat” and 
“ribbon” interchangeably, Spectra-Strip (Garden 
Grove, CA) and Kel Am (Eldon, MO) apply “flat” 
where the conductors are flat (or rectangular in 
cross-section) and “ribbon” when they are round 
(solid or stranded). 

Most ribbon cables have the wires, generally 28- 
AWG stranded (seven strands), spaced on 0.05-in. 
centers to conform to most available flat-cable con- 
nectors. Although 24 AWG also is readily available, 
larger conductors such as 20 or 18 AWG require 
connector-design changes to conform to their wider 
wire spacing. 

Many companies, including Brand Rex (Williman- 
Spectra-Strip, Belden (Geneva, IL), 
Tenesolite (Tarrytown, NY) and W.L. Gore & As- 
sociates (Flagstaff, AZ) make flat cable, but with 
widely differing choices in insulating material, wire 
stranding, electrical and mechanical tolerances, and 
cost. Nevertheless, some “standardization” is 
adhered to, such as the 0.05-in. wire centers and 
specific characteristic impedances in the 95 to 120-0 


range. Standarized wire spacing enables automated 


mass terminations with insulation-displacement 
connectors (IDCs). Indeed, many companies have 
introduced compatible flat-cable/connector systems 
for mass-terminating. 

For example, TRW Cinch (Elk Grove, IL) offers 
a 28-A WG stranded or solid-wire cable with 0.05-in.- 
center spacing and seven sizes of connector recep- 
tacles with optional strain reliefs. G.C. Electronics 
(Rockford, IL), Spectra-Strip, Socapex (Canoga Park, 
CA) and Alpha/CW (Warminster, PA) also supply 
28-AWG ribbon/connector systems. 

The planar geometry is exemplified also by woven 
cable made with the same process used to weave 
textile ribbon. However, woven cable allows trans- 
posing the wires (as with twisted pairs) to help reduce 
crosstalk. In addition, the weaving process allows a 
lot of flexibility: impedance control, strain reliefs and 
tack lines; also, many mixes of wire sizes may be 
run. Woven Electronics (Maudlin, SC) and Geyer 
Systems (Timonium, MD) both offer extensive varie- 
ties of cable combinations.O 
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HP’s powerful new graphics computation system provides fast and easy comprehension of data with brilliantly colored displays. 
A built-in light pen allows the user to interactively pick, move and draw directly on the CRT. 





HP’s newly introduced 9800 Series Computers, the 9800/45C is an easy-to- 
45C Computer System features powerful use graphics computer system that sits 
graphics computation capable of dis- on your desk. Built-in, color graphics CRT 
playing results in up to 4,913 crisp, display, light pen, operating system, up 
clear colors. to 449K-byte user read/write memory, 


Based on HP’s proven 9800/45 Series 


e New, non-contact distance meter e Automatic performance in versatile, low cost counter e 





Now you can create and manage technical data bases on 
the HP 9800/45 computer—with HP’s award-winning 
IMAGE data base management 


Hewlett-Packard’s new data base man- 
agement and data communications 
Capabilities can put your technical data to 
work! 

HP’s new 9800 System 45 Data Base 
Management System gives you an HP 
IMAGE-based software/firmware pac- 


kage that allows you to transform your raw 
technical data into a useable, beneficial 
resource. Now, for the first time, you can 
interactively design, define, access and 
manage a data base right at your desk. 
The HP 9800 System 45 version of 
IMAGE (called IMAGE/45) consists of two 


€=E> 


This new Data Base management capability for the 9800/ 
System 45 means you can have a full-time, workhorse compu- 
ter and a “brilliant”, part-time terminal . . . all in the same 


instrument. 








plug-in Read Only Memories (ROMs) for 
the HP 9800 System 45 Computer. These 
ROMS contain the HP Enhanced BASIC 
Statements needed to define, manipulate 
and maintain your data base. 


Reduced programming time 


To facilitate ‘“ad hoc” or unanticipated 
data base inquiries, this package fea- 
tures QUERY/45, a special data base ac- 
cess software pack that reduces pro- 
gramming time and effort by providing 
highly interactive data base manipulation 
routines. By simply typing in English-like 
commands, you can read, enter, delete 
or modify data—all without writing 
application programs. 

The 9800 System 45 DBMS also in- 
cludes a ‘helpful Data Base Design Kit 
that takes you step-by-step from the de- 
finition of your data handling problem to 
the full implementation of aDBM solution. 
The 9800 System 45 DBMS doesn't just 
put your data on file. . . it puts it to work! 


Desktop data communication 


A new data communications capability 
for the HP 9800 System 35 and 45 Com- 
puters successfully bridges the gap bet- 
ween a small computer work center anda 
large host mainframe. The 9800 System 
35/45 Data Communications package 
(firmware and software plus a new inter- 
face card) is designed specifically for 
flexibility and ease of use in both asyn- 
chronous and synchronous (RJE Bisyn- 
chronous) modes. 

The asynchronous package, which is 
particularly attractive in time-sharing ap- 
plications, features data transmission 
rates of up to 9600 bits/second, split 
speed operation, automatic parity 
checking, automatic modem control, 
auto answer and full-duplex 
line management. 

The RJE Bisynchronous capability of- 
fers IBM 2780-3780 terminal emulation, 
transparent mode, short record trunca- 
tion, blank compression, data transfer 
rates of up to 9600 bits/second and half- 
or full-duplex line management. 


For complete details on how you can put 
these new capabilities on your desk (or 
on your HP 9800 Series Computer), 
check Aon the HP Reply Card. 
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Get fast solutions to 
complex graphics 
computation problems 


(continued from first page) 


enhanced BASIC language, keyboard, 
mass storage and thermal line printer are 
all integrated into a single workstation 
that can help solve your problems in a 
convenient and uninterrupted fashion. 

The 9800/45C brings eye-opening 
color and clarity to practically any appli- 
cation you choose. Designed primarily for 
the scientist and engineer, this new sys- 
tem can help create more effective data 
presentations, increase productivity and 
solve complex problems. Color can be 
used for faster data interpretation of 
mathematical relationships, to provide 
greater definition of detailed designs or 
add realism. The viewer will enjoy fast, 
easy comprehension of displays that, 
with color, can be more informative and 
memorable. 

In addition to a high quality display with 
many color combinations, the 9800/45C 
also features HP Graphics Language 
which cuts programming time and effort. 
This built-in firmware provides 70 
graphics statements that enable the user 
to get faster solutions to complex 
graphics-computation problems. The 
9800/45C can provide three-dimensional 
representations in solid or wire-frame 
form. Statements such as POLYGON and 
RECTANGLE automatically draw the 
geometric figures. FILL parameter allows 
you to fill the insides of the figures with 
color without calculating points. This 
firmware also enables both alphanumeric 
and graphic rasters to be displayed 
simultaneously, making the user's 
graphics computation more convenient 
and interactive. And statements for use 
with the built-in light pen allow the user to 
interactively pick, move and draw directly 
on the CRT. 

With all this built-in performance, the 
9800/45C still remains friendly and easy 
to use. With the flick of a single switch, all 
the elements of this computer system 
begin working together to bring you quick 
solutions to your problems. 


For more detailed information on the 
9800/45C, call your local HP Sales Office 
or check B on the HP Reply Card. 
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Serial data analyzer adds new features for monitoring 
and simulating data networks 


Hewlett-Packard’s 1640B Serial Data 
Analyzer is atool for troubleshooting data 
communications networks, through 
transparent monitoring of RS-232-C (V24) 
serial lines or simulation of network com- 
ponents. The menu-driven analyzer is 
programmed for a versatile measurement 
set and is easy use. New features have 
been added, based on field experience, 
extending the applications of the 
original analyzer and offering even 
more convenience for the operator. 
Retrofit field kits are available to 
add the new features to present 
1640A Serial Data Analyzers. 

These new features include two 
branching modes for simulation opera- 
tion. The 1640A can transmit a first mes- 
sage repeatedly and then automatically 
send one of the two remaining messages 
based on a match between the response 
and the analyzer reply-condition 


parameters set by the-user. The addition © 


of the branching modes provides amuch 
needed simulation capability for effective 
network testing. 

A new memory bit shift can be used to 
shift either TX or RX data, bit by bit, to 
check for dropped bits, clock slips, lo- 





HP’s model 1640B Serial Data Analyzer will 
help you move quickly from a symptom to the 
cause in troubleshooting computer networks 
which use RS-232-C (V24) serial data 
transmission. 


cate unknown sync patterns and similar 
detailed tests. Also, any selected charac- 
ter in the list display is simultaneously 
decoded in binary, octal and hexadeci- 
mal, a handy prompt when editing text. 
Clock accuracy for Model 1640B is im- 
proved to + 0.01%. 


Check © on the HP Reply Card for more 
technical Cata. 


RF impedance analyzer measures 14 parameters 
over 1-1,000 MHz range with basic 


accuracy of <2% 


This new Hewlett-Packard 4191A RF 
Impedance Analyzer measures 14 impe- 
dance parameters over a frequency 
range of 1 MHz to 1000 MHz with a basic 
accuracy of less than 2%. An internal fre- 
quency synthesizer, automatic calibra- 
tion, automatic error correction and spe- 





Designed for making high frequency evaluation - 


of electronic materials, components and cir- 
cuitry, this 4191A RF Impedance Analyzer pro- 
vides high accuracy with 4¥2-digit resolution. 


cially designed test fixtures make stable, 
accurate impedance measurements 
possible over a measurement range of 
1 mQ to 100 kQ (1 wS to 50S). 

In addition, the 4191A features an in- 
ternal bipolar dc bias source (0 to+40 V), 
linear and log sweep capability of both 
frequency and bias, self-test and devia- 
tion measurements capability (A, A%) 
on all 14 parameters. These features 
make the 4191A RF Impedance Analyzer 
an excellent design and testing tool for 
high frequency evaluation of electronic 
materials, components and circuitry. Typ- 
ical applications include high resolution 
crystal measurements, low loss mea- 
surements of an air capacitor, thin or thick 
film circuit analysis and PIN diode impe- 
dance measurements. 


Check D on the HP Reply Card for com- 
plete information. 


A complete audio measurement system 


all in-one instrument 
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This new audio analyzer uses an internal microprocessor to control measuring sequences by 
turning on and off the audio source and by measuring and displaying the result. 


A new audio analyzer which makes 
complicated audio measurements with a 
single keystroke is available now for 
audio test and transceiver test applica- 
tions. HP’s 8903A Audio Analyzer 
achieves this by a low distortion audio 
source with a highly flexible analyzer in 
one instrument which can measure DC 
volts, AC volts, distortion, signal to noise, 
SINAD, and audio frequency from 20 Hz 
to 100 kHz. 

Using its powerful microprocessor- 
controller, the 8903A accomplishes tedi- 
ous routines of complicated quantities 
like signal/noise. With a single keystroke, 
it controls and gates the audio source, 
then measures and computes the ratios 
of the resulting signals from the trans- 
ceiver under test. 

The audio source section provides 
0.6 mV to 6V open circuit from 20 Hz to 


100 kHz with frequencies and levels set 


by keyboard. Log sweeps can be pro- 


bi 


grammed, as well as frequency incre- 
ment changes, with single keys. Front 
panel frequency display resolution is 5 
digits, while the amplitude display is 4 
digits, giving plenty of resolution whether 
in linear or dB units. | 

The 8903A drives an X-Y recorder di- 
rectly. Y-axis output is scaled to 0-10 V for 
the units selected by key, and measure- 
ments can be in absolute terms or dB and 
percent relative to a prior measurement 
or a key-entered number. 


General audio testing 


For general audio testing the 8903A 
can measure frequency response, swept 
distortion, hum and noise, gain, and 
power output. For AC level and distortion 
tests, a true RMS detector provides best 
accuracy. Distortion measurements can 
be made to typically less than 0.003% 
(—90 dB) between 20 Hz and 


20 kHz. AC level accuracy is specified at 
+0.5% from 20 Hz to 20 kHz. 

In transceiver test applications, the 
8903A source can be used to modulate 
the test transmitter while the demod- 
ulated output of the companion 8901A 
Modulation Analyzer is measured for dis- 
tortion and frequency response. An inter- 
nal psophometric filter allows testing to 
CEPT recommendations. The counter 
measures squelch tones, while other 
filtering rejects squelch tones for the 
audio tests. 

Since both SINAD (FM receivers) and 
signal-to-noise (AM receivers) test 
sequences involve noisy readouts, spe- 
cial digital smoothing takes place in the 
microprocessor to prevent “jumpy” dis- 
plays and to deliver a digital reading that 
is Known to be valid. 

The analyzer section accepts signals 
from 1 mV to 1V at DC and 20 Hz to 
100 kHz. In the automatic mode it au- 
totunes to the input signal and au- 
toranges to the distortion or level function 
range for best accuracy and resolution. 

In addition, the 8903A is fully pro- 
grammable under HP-IB control for use 
within automatic test systems. 


Check E on the HP Reply Card for addi- 
tional information 
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Receiver Testing With the 8903A 
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Transmitter Testing With the 8903A 
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Cut the cost of data 
transmission 


The new HP 37230A Short Haul Modem 
reduces the cost of limited distance data 
transmission by replacing a conventional 
modem. However, it retains many of the 
features of a conventional modem such 
as automatic equalization and a diagnos- 
tic test capability. Providing synchronous 
transmission of data at rates of 2.4, 4.8, 
9.6, and 19.2kb/s, the 37230A is de- 
signed for half-duplex, full-duplex, and 
multi-drop operation over local circuits. 

Automatic equalization in the 37230A 


compensates for variable characteristics . 


of the telephone circuits. This optimizes 
the performance throughout the 
specified range and removes the need to 
perform any adjustments on the modem, 
thereby simplifying the installation. 

Diagnostic test features in the 37230A 
include local and remote digital loop- 
back, local analog loopback, and a test 
pattern generator/error detector. These 
facilities are used for system testing and 
fault-finding without the need for any 
other test equipment. 

The HP short haul modem is used over 
unloaded metallic circuits which can be 
either installed privately or leased from 
the telephone company. The modem 
operates half-duplex on 2-wire circuits, 
and half-duplex, full-duplex, and multi- 
drop on 4-wire circuits. Suitable circuits 
can normally be obtained from the tele- 
phone company but may be restricted to 
within one end office (exchange) area. 
The 37230A complies with the require- 
ments of BSTR Pub 43401 for use on 
telco-supplied circuits in the USA; and 
Hewlett-Packard is applying for connec- 
tion approval in other countries. 


For other details, check Fon the HP Reply 
Card. 





Typically, the operating range of HP’s 
37230A Short Haul Modem can be from 4 miles 
over 26 AWG wire at 19.2kb/s up to 22 miles 
over 19 AWG wire at 2.4kb/s. 
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A counter with some 
new twists 





HP’s 5315A/B Universal Counters use a mic- 
roprocessor and a new, HP-developed IC to 

bring you a remarkable set of measurement 

capabilities at a surprisingly low price. 


At first glance, HP’s 5315 Counter may 
seem like just another very capable univ- 
ersal counter: It measures frequency and 


~ period to 100 MHz (1 GHz optional), time 


interval with resolution of 100 ns single 

shot or 10 ps averaged, period average, 

frequency ratio, frequency burst, and to- 
talizing. However, the 5315's circuit inno- 
vations and manufacturing design, using 

a microprocessor and the remarkable HP 

multiple register counter IC, make possi- 

ble performance and versatility you'd 
expect to find only in a much more ex- 
pensive instrument. For example: 

e 7 digits of frequency resolution per 
second via the reciprocal measure- 
ment technique. 

e continuously variable gate times. 

e dual-mode input conditioning to op- 
timize both frequency and time interval 
measurement. 

e input filter, time interval delay and au- 
tomatic resolution control for noisy in- 
puts 

e very low RFI/EMC for applications ab- 
solutely requiring electrical quietness. 

e optional, built-in, sealed, lead-acid 
battery with protective and charging 
circuits. 

Below 10 MHz, the 5315 uses the recip- 
rocal taking frequency measurement 
technique which measures the input's 
period, but inverts the result to display 
frequency. This gives you up to 8 digits 
resolution for frequencies as low as 
0.1 Hz, without using long gate times or 
phase-locked multipliers. Above 10 MHz, 
the 5315 automatically switches to the 
conventional cycle-counting technique, 
providing you with the highest resolution 
over the counter’s entire range. 


For full information, check G on the HP 
Reply Card. 





New structural dynamics 
analyzer simplifies design 
of control systems and 
mechanical components 


zp 


Optimized for the study of vibration and 
noise, HP’s new 5423A Structural 
Dynamics Analyzer features broad mea- 
Surement, post-processing and display 
capabilities. Easily studied problems 
include those involving modes of 
mechanical structure vibrations, control 
system design, and the monitoring and’ 
balancing of rotating machinery. Fre- 
quency range is DC to 25 kHz. 

For structural analysis, an animated, 
mode shape display shows structural de- 
formation at each resonant frequency. 
Display features include perspective, ro- 
tation, true three dimensions, selection of 
viewing direction/distance, “zoom” 
Split-screen viewing and stop-motion. 

A powerful waveform calculator en- 
ables mathematical computation of many 
useful functions which cannot be mea- 
sured directly. For example, with just a 


few keystrokes it is possible to compute a 


control system's open loop frequency re- 
sponse from aclosed loop measurement, 
yielding quick information about the sys- 
tem’s gain and phase margins. A Synth- 
esis key allows the frequency response 
of trial compensation networks to be cal- 
culated and displayed. 

Other features include simple key- 
stroke programming via an Autosequ- 
ence capability, easy data annotation, 
data storage to a built-in digital tape car- 
tridge, and fast plotting to a wide choice 
of HP-IB compatible digital plotters. 


Obtain further information by checking H 
on the HP Reply Card. 








Combining simple keyboard operation with ex- 
tensive measurement and display capabilities, 
this new HP analyzer makes it easy to identify 
and solve difficult structural and control system 
problems. 





HP designs a new, 
non-contact, distance 
meter for industrial control, 
tracking and monitoring 





The 3850A is designed for industrial applica- 
tions such as manufacturing processes where 
accurate and rapid measurement of distance is 
Critical. 


A new electronic distance measure- 
ment device for measuring and control- 
ling the position of objects in industrial 
environments is now available from 
Hewlett-Packard. The 3850A Industrial 
Distance Meter makes accurate, non- 
contact distance measurements using an 
invisible infrared beam transmitted to a 
target that reflects the beam back to the 
instrument. By modulating the beam and 
comparing the phase relationship bet- 
ween returned energy and an internal re- 
ference, the 3850A accurately deter- 
mines the distance between itself and the 
target. The instrument achieves a resolu- 
tion of 1 mm (.040 in) over arange of 8km 
(26,240 ft) in either manual or computer 
programmable modes. 


Other automatic features include: 


non-contact distance measurement— 

updating 9 times per second 

e determination of the elapsed time bet- 
ween distance measurements— 
providing velocity and accelera- 

tion data 
e status information on the measurement 

system—enabling the user to monitor 

system conditions. 

When coupled to the HP 9800/25S 
Computer, the system combines data 
with time information to determine posi- 
tion velocity and acceleration, providing 
a powerful feedback control system. 


Check lon the HP Reply Card for details. 


Hybrid RF designs easy to 


produce with two new HP 
transistors 


As more RF and microwave systems 
employ chips and beam leaded devices 
to achieve better performance, smaller 


- size and lower costs, the need for silicon 


bipolar transistors with excellent RF per- 
formance and device-to-device unifor- 
mity has expanded as well. 

In merging these objectives with a de- 
sire to produce devices which are easier 
for the hybrid builder to bond into a cir- 
cuit, Hewlett-Packard has developed two 
new transistors. The latest additions to 
HP’s HXTR series of devices, the HXTR- 
3001 and HXTR-3002, provide the VHF, 
UHF and microwave circuit fabricator 
with economical silicon bipolar transistor 
chips, featuring enlarged gold bonding 
pads. These larger pads readily permit 
use of 1 mil (25 wm) bonding wire, the 
Standard diameter wire inmany RF hybrid 
applications. Suitable for use from 
100 MHz to 4 GHz, the general purpose 
HXTR-3001 offers typical noise figures of 
1.2 dB at 500 MHz to 2.2 dB at 2 GHz. 
Maximum gain at 2 GHz is typically 16 dB 
and 1 dB gain compression power is 
21dBm at 1 GHz. 

The linear power/general purpose 
HXTR-3002 is an extremely rugged 
device, typically providing 16.5 dB Saye 
gain at 500 MHz, and 22 dBm output 
power with 18 dB of associated 1 dB 
compressed gain at 1 GHz. 

Available at authorized Hewlett- 
Packard distributors. 


Obtain further details by checking J on 
the HP Reply Card. 





HXTR-3002 


HXTR - 3001 








Two new application notes 
for radio frequency 
measurements 


A new Application Note 286-1, 
Applications and Opervation of the 
8901A Modulation Analyzer, provides 
detailed procedures for using the 8901A 
in transmitter testing, signal generator 
calibration, broadcast monitoring, 
measuring VCO differential linearity, 
measuring residual FM noise of 
oscillators, separating residual AM or FM, 
or measuring peak modulation transients 
from 150 kHz to 1300 MHz. 

A second new Application Note 283-2, 
External Frequency Doubling of the 
8662A Synthesized Signal Generator, 
describes performance of the 11721A, 
1280-2560 MHz frequency doubler as it 
affects modulation, distortion, spectral 
purity, conversion loss, and output 
dynamic range. 


For your free copy of AN 286-1, check K 
on the HP Reply Card and for AN 283-2, 
Check L. 






HP HFBR-0010 link 
is now available for 
only $275 


Now you can purchase HP’s 
10-metre fiber optic link for 
only $275*, saving you over 
90 percent on the regular price. 

The HFBR-0010 is a com- 
plete 10-metre simplex link 
consisting of a transmitter, a 
receiver, a 10-metre connec- 
tor/cable assembly, and tech- 
nical literature. Because HP’s 
system is completely plug- 
together and interchangeable, 
distances up to 1,000 metres 
are possible. For systems up 
to 100 metres, simply change 
cable assemblies. For longer 
systems, up to 1,000 metres, 
substitute HP’s new HFBR- 
1002 1,000-metre transmitter. 
In either case, no adjustment 
or calibration is required. 

For further details, check Mon 
the HP Reply Card. 


“Offer expires August 31, 1980 
U.S.A. Domestic price 
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Intended for use as a source book in 
design situations, HP’s new Optoelec- 
tronics Designer's Catalog includes the 
latest HP optoelectronic application 
notes, as well as complete technical in- 
formation about HP’s Optoelectronic 
products. 

This 496-page catalog is sub-divided 
into six categories: 

Emitters/Detectors 

e Fiber Optics 

e Optocouplers 

e Solid State Lamps 

e Solid State Displays 

e High-Reliability Products 

Of special interest to designers will be 
several new product additions to the 
catalog. These: include HP’s first digital 
bar code wand, a 1000-metre fiber optic 
link with cable/connector assembly, an 
AC/DC threshold sensing optocoupler, a 
new hermetic optocoupler, 5 V and 12 V 


color resistor lamps, color light bar mod- — 


ules in single, quad and twin arrange- 
ments, and an 18-segment alohanumeric 
display microprocessor unit. Applica- 
tions information on all of these products 
is included in the applications section. 
Photographs, package dimensions, fea- 
tures, operating characteristics and per- 
formance graphs provide a complete de- 
scription of each component. 

Other catalog features include an al- 
phanumeric index which lists all compo- 
nents by part number, an introductory 
Capabilities section on all product lines, 
and a selection guide for each compo- 
nent group giving a brief overview of the 
different categories. In addition, a com- 
plete listing of all HP sales and service 
offices and HP components franchised 
distributors is included. 


Obtain your free copy by checking Non 


the HP Reply Card. 





Two new application notes 
simplify your amplifier de- 
signs and ease your hybrid 
circuit assembly problems 


Application Note #973 describes two’ 
12 GHz amplifier designs using the 
HFET-2201, a one-half micrometer, GaAs, 
Schottky gate, field-effect transistor. The 
first design, a low noise amplifier, 
achieves a noise figure of 3.1 dB at 
12 GHz with 7.5 dB of associated gain. 
The second design, a high gain stage, 
obtains greater than 11.5 dB of gain also 
at 12 GHz. 

This note also contains a detailed Smith 
Chart and computer-aided design 
techniques to optimize performance. 
Construction details for these amplifiers 
are also included. 

The second Application Note, #974 
discusses the techniques for incorporat- 
ing semiconductor devices into hybrid 
integrated circuits. In addition to a dis- 
cussion of die attach and bonding 
techniques for chips, this note also con- 
siders the problems of using beam lead 
devices, ministrips, leadless inverted de- 
vices (LID’s), and microstrip posts. 

Handling precautions, as well as time, 
pressure and temperature settings, are 
presented for each package style. The 
note concludes with a brief description of 
an impedance matching technique for a 
LID mixer diode. 


Obtain your free copy of AN #973 by 
checking Oon the HP Reply Card and 
AN #974 by checking P. 








New counter automates 
measurements and 
calculates—all at a 
surprisingly low cost 


Microprocessor-based, the high per- 
formance HP 5335A Universal Counter 
offers more automatic features than any 
universal counter available today, yet it’s 
price is much less than other counters 
having built-in calculating capabilities. 
Evenits most demanding measurements, 
many of them new to electronic counters, 
are initiated at the press of a button. 

In addition to very high performance in 
all the measurements a universal counter 
usually makes, HP’s 5335A automatically 
performs measurements that require ex- 
tensive data manipulation: phase, duty 
cycle, rise and fall times, slew rate and 
Statistics - all via an easy-to-use front 
panel keyboard. The keyboard also pro- 
vides for data manipulation. Offset (+, 
—), scale (x), and normalize (+)datacan 
be quickly entered to modify any mea- 
surement. This gives direct readout— 
up to 12 digits—in engineering terms 
such as RPM, pressure, flow rate and 
velocity. Or, it can display or add IF or 
difference frequencies. - 


High-performance frequency and time 


interval measurements 
Despite the automatic measurement 


emphasis, there is no sacrifice what- 
soever in measurement performance. 
The 5335A is a reciprocal-taking counter 
providing 9-digits-per-second resolution 
for all frequency measurements up to 
200 MHz (standard) or to 1.3 GHz (op- 
tional). Single-shot, time interval resolu- 
tion is an outstanding 2 ns, while time 
interval averaging yields a resolution 


«=> 





down to 100 ps when measuring repeti- 
tive events. 


New convenience and versatility 
e Extensive auto triggering modes let the 
user set the trigger levels, or setting can 
be automatic. Exact levels are shown on 
the counter's LED display. 
e External arming and self-arming are 
provided for dynamic measurements 
such as tone burst, pulsed RF or swept 
frequency up to 1.3 GHz, with excellent 
resolution. 
e Statistical data on any of the measure- 
ments are automatic after pressing 
several keys to define sample size 
and to select mean or standard 
deviation values. 
e Stable readout of an unstable input is 
provided by pressing the Smooth key. 





The counter then repetitively calculates 
and displays a stable weighted average 
of sequential measurements. 

For systems use, extensive HP-IB 
programmability is standard, and in- 
cludes all measurement functions, math 
and statistics. 

A built-in +1000 V, autoranging, float- 
ing input, integrating DVM is optional. Its 
infinitely variable integration times can 
optimize speed, resolution and normal 
mode noise rejection. HP-IB programm- 
able, of course. 


Get full details by checking Q on the HP 
Reply Card. 
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Technology 








Dynamic faults that escape ordinary automatic test equipment are pinned 
down by two powerful algorithms that compare a known good board to the 
unit under test to isolate faults on and off the bus. 





ATE system finds dynamic 
faults in real time 
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The dynamic faults that plague LSI and 
microprocessor-based boards are illusive but quickly 
captured by a combination of diagnostic techniques. 
A known good board (or reference board) is compared 
to the unit under test (UUT), under the control of 
a powerful software package that focuses on the most 
relevant board information. The soft failures can 
then be pinpointed with a speed and accuracy that 
most other types of automatic test equipment cannot 
match. 

Unlike the stuck faults of random logic (stuck at 
1, stuck at 0, open), dynamic failures result from 
variations in noise, temperature and other parame- 
ters of a system. 

Many automatic test systems can locate and 
isolate static failures beyond the node, but lack 
sufficient memory or sufficiently flexible algorithms 
to analyze complex dynamic fault patterns in uP 
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boards. The common methods and instruments for 
real-time fault analysis have certain advantages, but 
none are totally automatic. For example, logic 
analyzers can be clipped onto the strategic test points 
of a board to capture real-time data streams and so 
help locate faults. The technique, however, requires 
analyses by technical personnel who are familiar 
with the design and operation of the board. The 
equipment for emulation tests must be clipped onto 
the board or the microprocessor must be removed. 
This method lacks comprehensive software 
algorithms to execute automatic fault finding. 

The Fluke Automated Systems 3050A test system 
(Fig. 1) exemplifies the alternative technique: it 
compares a known good board to the UUT and 
employs a powerful software package, the Diagnostic 
Management System (DMS) to isolate the faults of 
complex uP-based boards, automatically and in real 
time. 

The DMS controls the interface between the opera- 
tor, the UUT and the test system. It operates two 
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software subsystems, Autotrack and a command 
table, during fault tracking between bus and nonbus 
faults. 

The Autotrack software subsystem locates nonbus 
faults through a sequential diagnostic walk-back 
algorithm. Command table software is an algorithm 
that locates bus faults “at speed.” Autotrack and the 
command table are customer-programmed to select 
the most appropriate path for fault identification; 
they operate with reference to each other. 

The power of DMS lies principally in its technique 
for comparing the UUT to a reference board. On a 
uP board with a 1-ms cycle time, a 1-s test can 
generate 23-million bits of information on the micro- 
processor data, address and control bus (given an 8- 
bit data bus and 16-bit address bus). The board must 
also be exercised at or near the system environment 
to generate a confidence level exceeding 98%. Nor- 
mally, a test system would store all the possible 
response patterns that a given board can produce— 
necessiting very long test sequences and placing an 
unwieldly demand for system disk capacity. 

When a known good board is used as the data base, 
no reference data have to be stored. Identical stimuli 


Table 1. Valid conditional expressions 


True IF... 
Test head failed at microstep 
ba 2 ie 


Element 
Mn (n=0 to 3) 


Ln (n=1 to 240) Logic state of board edge pin 


“n” is high 
Board edge pin ‘‘n’’ in failed 
state 


Logic state of clip pin ‘‘n” is 
high (16 pin IC) 


Lagic state of clip pin ‘‘n’ is 
high (14 pin IC) 


Clip pin “‘n” in failed state 


Fn (n=1 to 240) 
Cn (n=1 to 16) 
Bn (n=1 to 14) 


En (n=1 to 16) 


(16 pin IC) 

Dn (n=1 to 16) Clip pin ‘‘n’”’ in failed state 
(14 pin IC) 

RE Transfer external command 
received data 

TC Current test count less than 
saved test count 

AT Autotrack not running test 

YES Yes/Continue depressed to 
terminate pause 

NO No depresses to terminate pause 

PASS Tester in pass state 

FAIL Tester in fail state 
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1. Fluke Automated Systems 3050A Test System 
incorporates a new software package called the Diagnostic 
Management System, which can detect dynamic board faults 
“on the fly,” a feat that is not found on most automatic test 
equipment. 


are applied to the board edge connects of the refer- 
ence board and of the UUT at rates up to 5 MHz. 
The I/O data from both boards are compared in real 
time. In addition, a CRC signature is compiled from 
all I/O lines at the end of the test, which can later 
be used to test a single board alone. The reference 
board becomes an infinite dynamic “ROM.” It con- 
tains the correct nodal states during any test step 
or microprocessor-timed subcycle. 

The PC board supplies information that can be 
analyzed to isolate faults down to the component 
level. The DMS uses any or all of that information 
to determine which algorithm will most efficiently 
isolate the fault. First, the status of the board’s 
microprocessor and memory read/write control lines 
indicate the direction of data flow—whether data are 
being written from the microprocessor or being read 
from memory, I/O controller or another bus device. 
Second, the address bus states that were written on 
or before the time of the failure can be decoded to 
identify the device that was being addressed. 

Third, the data generated from the board as a 
result of the transaction can be used to evaluate the 
completion of an accurate command. Finally, the 
microstep or microprocessor time cycle at which the 
failure occurred can be employed to pinpoint time 
of the failure. 


Find the fault off the bus 


In the DMS diagnostic mode, when a board-edge 
fault is detected in the UUT, the test program stops 
at the first failure of an I/O pin or pins. The 
Autotrack subsystem of DMS scans the board-edge 





pins, comparing them to its board-edge priority file. 
Both priority and out-of-bounds indicators reside in 
this file, associated with each board-edge input and 
output pin. The file determines the diagnostic 
algorithm that will be required, depending on wheth- 
er the failure has occurred on or off the bus. 

If the fault is not on the board buses, as determined 
from the priority file, the Autotrack walk-back 
algorithm begins at the failing pin. Through the test 
system’s interconnect file—a file containing data on 
how devices are connected on the board—the IC 
affecting the faulty output is identified, and the IC’s 
on both the UUT and reference boards are clipped 
or probed. The system tells the operator where to 
probe, by means of a message requesting the probe 
action. 

The test is then rerun and the nodes of the device 
on both UUT and reference boards are compared in 
real time. If a discrepancy is discovered, the next 
interconnected device that functionally affects the 
first device is identified and probed. In this way, the 
system walks back through the board’s logic until 
the failing device is located. If a probing sequence 
moves into the dynamic or bus portion of the board’s 
logic, the command table takes over to isolate the 
fault. 


Bus-related failures 


When the failure is bus related, DMS stops the 
test system at the first I/O bus failure. Encoded into 
the test program is the microstep or time cycle at 
which the failure occurs. DMS sets the mask on all 
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other time cycles, which are not valid for the failure. 
In this way, only the data that are pertinent to the 
failure are identified and compared. 

DMS then displays a message to the operator to 
rerun the test. During the next pass through the test 
program, DMS sets the system into an I/O “latched- 
states” mode. The system captures I/O data and 
latches it into memory at the time of failure; it then 
stores the status of the control, data and address 
buses of the UUT—even though the failure is 
dynamic. The system can store and compare or 
decode the logic states of up to 256 inputs simultane- 
ously. Thereby, the system becomes a 256-point 
dynamic logic analyzer. 

The UUT bus data, once stored, determine the 
direction that the command-table algorithm will 
take in isolating the fault. The command table is a 
progression of decision trees that are triggered by 
the condition of the test system. Decisions branch 
to prompting messages that instruct the operator to 
clip or probe various nodes on the UUT and reference 
boards when diagnostic information is required. If 
only specific pins of a device are pertinent to the 
failure path, the IC clips and probes can be masked 
automatically to compare valid pins and ignore 
others. When sufficient data are compiled to isolate 
the fault, a message is displayed identifying the 
faulty device. 

If a static fault is encountered on a multi-ORed 
node, DMS can request, via the test system’s 
IEEE-488 interface, that the analog instrumentation 
make accurate microvolt measurements. The oper- 
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2. Inthe functional block diagram of an 8080-based board, the test system’s primary interface 
with the board is through the edge connectors, which receive test-system stimulus and provide 


board responses. 
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rator can then probe various IC pins along the faulty 
signal path to determine the device that is sinking 
or sourcing current. The identified IC is compared 
to the relevant reference-board component to de- 
termine whether it should have been addressed at 
that strobe cycle. 


System diagnostic commands 


The test programmer can guide the direction of 
a fault algorithm by combining DMS commands 
(including the decision commands, IF, THEN ELSE 
and END IF) into a command sequence. DMS com- 





3. This memory map is contained in the sample printed board 
under test (Fig. 2.). The intermittent or erroneous bitin ROM 1 
is a good example of the dynamic faults that other ATE have 
difficulty finding. 





4. Timing for the microprocessor on the printed-circuit board 
under testis another aspect of board operation easily 
accessed and diagnosed by the Diagnostic Management 
System software. 
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mands can be nested into as many levels as desired. 
Through decision commands, the programmer gets 
access to the test system whenever a specified 
condition occurs during testing. 

The IF command begins the conditional structuring 
of a decision sequence. It is triggered by a valid 
external condition during testing. Information on 
valid-condition triggering is coded into the data field 
and can be set to execute on a bus-state noncom- 
parison, on a latched-state data match, on a board’s 
particular time subcycle or on a variety of other 
conditions (see Table for valid conditional ex- 
pressions). 

All of the logic and failure states in the Table are 
evaluated when the IF conditional expression is 
evaluated. They are fetched from the test head when 
processing of the IF command begins. Once the 
command has been executed, a nesting depth counter 
is incremented to track the command sequence. If 
the IF conditional expression is evaluated as “true,” 
the THEN following the IF command is executed, and 
its conditional expression is initiated. 

The EN (End If) command is the complement of 
the IF command. When it is encountered in the 
command sequence, it decrements the depth counter. 
The EL (Else) command is executed when it follows 
an IF command and its conditions have not been met 
during the command sequence. 

The following sample program demonstrates the 
basic structure of a decision table. It shows where 
command sequences are located and which are ex- 
ecuted when. 
OPERATION: IF 
DATA: ‘‘conditional 
expression’”’ 
OPERATION: THEN 


DATA: comment 
@ 


The command sequence 
contained here executes 
if an evaluation of the IF 
conditional expression 
produces a “true.” 


e 

@ 
OPERATION: EL 
DATA: comment 


If the above conditional 
expression when evaluated 


e produces a “false,” the 

e command sequence follow- 
e: ing the EL operation is 

e performed. 


OPERATION: EN 
DATA: comment 


When either of the above 
operations completes, 
program control trans- 
fers to this point. 


Decisions, Decisions 


The conditional expressions contained in the Table 
are all associated with DMS commands and can be 
concatenated using various logical constructs: AND, 
OR and NOT. The constructs add flexibility to I/O pin 


conditioning and command table execution, as dem- 
onstrated by the following: 
OPERATION: IF | 
DATA: L1 and L3 AND NOT L4 
The above IF condition is true, if the logic states 
of board-edge pins 1 and 3 are high and 4 is low. 
OPERATION: IF 
DATA: C1 AND C6 AND NOT 
E12 OR EIS 
This statement is true, if the logic states of clip pins 
1 and 7 are high and pin 12 is not in the failed state 
or if pin 18 is in failed state. 3 
OPERATION: IF 
DATA: YES 


START 
AUTOTRACK 
OPERATIONS 


~ EXECUTE 
M 


GO TO 8080 
DMS COMMAND 
SEQUENCE 


GO TO 8228 


DMS COMMAND 
SEQUENCE 


GOTO RAM ~ 
DMSCOMMAND [x 
SEQUENCE 


DECODE 
ADDRESS BUS 
TO IDENTIFY 

ROM 


_ PROBE 
IDENTIFIED 
ROM 


GO TO ROM 


COM RESTART 
SEQUENCE TEST 





5. The identity of the faulty device appears when the DMS 
follows the strategy indicated by the flow chart (left) and 
command sequence (right) for locating the bad bit at O7FF. 





ee 





The above statement is true, if the operator de- 
pressed Yes/Continue to end the last Pause com- 
mand. | 

The uses of the command table are typified by the 
simulation of a sample failure on the microprocessor 
block diagram (Fig. 2). The memory map (Fig. 3) 
denotes representative address locations for memory 
elements on the sample board. Fig. 4 represents the 
8080 CPU timing. 

The failure in Fig. 2 is a bad data bit at location 
O7FF, written on the bus from memory and dis- 
covered at test step 185. Since the command table 
can be initiated by a particular I/O failure condition, 
rather than by a step number, the test step is 
irrelevant. The operator initiates the test of the board 
and places the test system in the “stop-on-fail” mode. 
When the test encounters step 185, the I/O pin 
connected to the data bus indicates a noncompare 
between the UUT and the reference board, halting 
the test system at the moment of failure. 


Diagnostics take over 


The test program branches to the DMS command 
sequence. The branch is enabled by a CPU request 
encoded into the command table and triggered by 
the bus failure. The DMS command sequence then 
takes control over the testing operation, working in 
conjunction with the test program. The direction the 
fault algorithm takes is determined by the external 
data conditions that are met as the diagnosis con- 
tinues through the board’s logic. 


The UUT’s I/O data are latched into the test 
system’s memory at the time of the failure and are 
evaluated by DMS to identify the faulty device. The 
following strategy comes into play (see flow chart 
and command sequence in Fig. 5). 

First, the direction of the data bus is determined 
and the logic state of the DBIN signal is identified. 
(When DBIN is low, data are being written from the 
8080.) For this failure, DBIN would have to be high. 
Next, the enabled device that is writing onto the data 
bus is identified by type (I/O, memory, etc.). In this 
case, MSBUSY equals a low and memory is enabled. 
Finally, the address bus is decoded to determine the 
type of memory device (ROM or RAM) and the 
specific device of that type (ROM 2, etc.) that was 
addressed. The final failure identification is made 
by decoding the address bits. In this case, the address 
is O7FF, which satisfies the EL statement and identi- 
fies ROM 1.0 


How useful? Circle 
Immediate design application 541 


Within the next year 542 
Not applicable 543 
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With a conversion time of less than a microsecond, a self-contained 
successive-approximation analog-to-digital converter interfaces 
directly with microprocessors for maximum system throughput. 





Monolithic 8-bit ADC | 
matches micro speed 


For the first time, a monolithic self-contained 8- 
bit successive approximation analog-to-digital con- 
verter completes a conversion in less than a micro- 
second. The Am6108, which interfaces directly with 
microprocessors, is so fast that system throughput 
is limited only by the microprocessor’s speed—not 
by converter delays. The a/d chip is fully self- 
contained, integrating a precision digital-to-analog 
converter, a high-speed comparator, a stable 
bandgap voltage reference, a successive-approxima- 
tion register, three-state outputs and control logic, 





Gerard McGlinchey, Senior Design Engineer 
Advanced Micro Devices 
901 Thompson PI., Sunnyvale, CA 94086 
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as well as matching, gain, input and offset resistors. 

The Am6108 operates from standard +5-V sup- 
plies. It performs conversions on unipolar inputs can 
range from 0 to +10 V or +5 V, and bipolar from 
=i tO: DV. = 

The integration of so many diverse circuit blocks 
(Fig. 1)—particularly precision analog circuits and 
compatible high-performance logic—has seldom 
been possible without special processing. However, 
the Am6108 employs a standard linear bipolar pro- 
cess with a dual-layer metallization that creates a 
compact layout in a small die, just 102 < 140 mils. 
Standard processing ensures device availability and 
makes for predictable reliability. ) 

Also contributing to the performance of the 
Am6108 is a novel nonsaturating logic form, called 


a 


an 


NaS ‘ 
ca 


3 


1. Fully-self-contained, the high-speed Am6108 8-bit analog-to-digital converter integrates, ona single 
chip, a precision DAC, comparator, voltage reference, successive-approximation register, control logic 


and output buffers. 
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linear differential logic. Similar to emitter-coupled 
logic, LDL provides even greater density and better 
performance. With LDL, translator circuits give TTL 
levels at all inputs and outputs. 


LDL—a novel high-speed logic 


Fig. 2 shows how LDL works for a two-input 
NOR/OR gate. A bandgap voltage of 1.2 V supplies 
the logic gate to give an almost constant on-to-off 
current ratio over the converter’s operating tem- 
perature range. LDL features a logic swing of 1380 
mV, which is adequate to steer almost all the gate 
current between transistors Q; and either Q, or Qo. 
The gate is self-biased because the base of Qs; is 
connected to the collectors of Q; and Qs. The connec- 
tion simplifies the layout of the gate and provides 
positive feedback. 

With a low logic input of 1.07 V applied to the bases 
of Q; and Q,, transistor Q; is on, and Q; and Q; are 
off. Transistor Q, turns on when a logic transition 
from 1.07 to 1.2 V is applied to its base. The positive 
feedback ensures that Q; turns off rapidly. The 
collector-base junction of Q, is forward-biased by the 
logic swing of 130 mV, which is not sufficient to cause 
Q, to saturate. With LDL, complementary NOR and 
OR outputs are also possible. 

The LDL gate operates at a constant current, 
thereby avoiding power-supply glitching and poten- 
tial interaction between the logic and sensitive 
analog circuits. The constant-current operation, to- 
gether with careful layout, leads to excellent noise 
immunity, even with a low logic swing. 

The digital inputs and outputs of the Am6108 are 
TTL-compatible. The high-impedance inputs consist 
of a differential pair referenced to the TTL threshold 
of 1.2 V. The TTL threshold is constant with tem- 
perature, in contrast to the threshold obtained when 
two base-emitter voltages are stacked, as in a conven- 
tional TTL circuit. The digital inputs are level-shifted 
internally to the levels in the linear differential logic. 


For its digital outputs, the converter employs 
conventional three-state outputs. Because they can 
each drive two TTL loads, the outputs can be con- 
nected directly to the system bus. 


The on-chip DAC has 8-bit accuracy 


The performance of any a/d converter is domi- 
nated by the accuracy of its analog components, 
particularly the DAC. In the Am6108, the DAC 
consists of a reference amplifier, binary weighted 
current sources and current switches. The gain 
resistor and reference amplifier convert the voltage 
reference into an accurate reference current. The 
reference amplifier, which is compensated externally 
with a single capacitor, is designed for low voltage- 
offset and low input offset bias currents. The binary- 
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2. The Am6108 employs linear differential logic, anovel 
nonsaturation logic form that is even denser than emitter- 
coupled logic and works with a logic swing of only 130 mV. 
This LDL circuit is atwo-input NOR/OR gate. 





3. The on-chip bandgap voltage reference of the AM6108 is 
immune to supply variations as large as +10% and toload 
variations from 1 to 5 mA. At wafer sort, the ratio of R./R, 

is adjusted by trimming resistor R,. 


weighted current sources are derived from a com- 
bination of straight R and R/2R scaling. 

The matching of emitter resistors determines the 
current accuracy of the DAC. These diffused re- 
sistors provide better than 8 bits of accuracy without 
any trimming. High-speed current switches steer the 
bit currents between the DAC’s complementary 
outputs (10 and 10). The full-scale IO current is 4 mA, 
and the complementary IO current can be tied to the 
chip’s analog voltage input pin to maintain a constant 
load at the signal voltage source. 

During a conversion, the on-chip comparator 
senses the summing node and provides a logic output, 
which determines whether the bit current under test 


should be retained or not. The comparator inputs are 
clamped by Schottky diodes, to reduce the speed at 
which the DAC must slew. 

The comparator can respond to half of a least- 
significant bit of overdrive (20 mV) in less than 5 
ns. The bias current for each comparator changes 
proportionately with temperature, so that the resolu- 
tion of the comparator does not change with tem- 
perature. The low offset voltage and low bias current 
of the comparator contribute to the converter’s 
excellent accuracy. 

An enabled latch holds the comparator output in 
a state independent of the analog input. First, the 
summing node is compared with the inverting input 
while the system clock is low. Then, a high-going 
clock edge enables the latch by transferring current 
from the input stage to the latch stage. ? 


A bandgap reference for stability 


The voltage reference on the Am6108 is an im- 
proved bandgap reference. Besides providing good 
stability with temperature, the voltage reference is 
immune to supply variations of +10% and load 
variations from 1 to 5 mA. 

In its most basic form, this reference (Fig. 3) 
consists of just four devices: transistors Q, and Q2, 
and resistors R, and R». At balance, the collector 
currents of Q,; and Q:2 are equal. Since Q; operates 
at a lower current density than Qo, the difference 
in the two base-emitter voltages appears across Rj. 
The absolute value of Q,’s base-emitter voltage is not 


constant, and the variations require compensation. 


At wafer sort, the ratio of R2/R: is adjusted by 
trimming R», through the selective blowing of metal- 
link fuses. 

The Am6108 requires nine clock periods to com- 
plete a conversion. The unknown analog input is 
applied to the input resistor. A conversion is initiated 
by holding START and CHIP SELECT low during a clock 
low. CONVERSION COMPLETE toggles high to indicate 
that a conversion is in progress. During the next eight 
clock periods, the analog input is compared with each 
of the eight binarily-weighted current sources. 


The successive-approximation register is initially 
reset with all the bit currents, except the most- 
significant bit current, steered to IO. Each bit is 
successively removed on a low-going clock edge. 
After comparing the summing node with the invert- 
ing input, the comparator delivers a digital output 
to the register cells. Depending upon the result of 
the comparison, the bit current is removed from or 
steered to IO. When the least-significant bit has been 
tested and the result latched in the register cells, 
CONVERSION COMPLETION toggles low to indicate the 
end of the conversion. A read operation makes the 
binary data, which are latched in the register cells, 








available on the three-state outputs. 


Minimizing on-chip delays 


The major factors that determine conversion speed 
are the comparator delay, the logic delay and the 
DAC settling time. In many converters, these delays 
are all significant. In the Am6108, high-speed logic 
ensures that the logic delays in the register cells are 
negligible; and good design techniques make the 
comparator delay negligible. Therefore, the DAC 
settling time defines the chip’s conversion speed. 

High-speed current switches ensure that internal 
delays in the DAC are also negligible. The most 
stringent requirement for settling time occurs when 
the MSB is switched. Before a valid comparison can 
be made, the summing node must settle to with a 
+1/2-LSB error band. The time constant associated 
with the summing node depends on the parasitic 
capacitances and the input resistance. 

A high-speed process minimizes the parasitic ca- 
pacitances. The addition of a noncritical 200-0 ex- 
ternal resistor between the summing node and 
ground reduces the chip’s 2.5-kQ input resistance, 
because the summing node is a virtual ground. The 





4. Because of its on-chip three-state buffers, the Am6108 
interfaces easily to any presently available microprocessor. 
The chip finishes a conversion in less than 1 us, so processor 
interrupts can be avoided. 
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extra resistor also reduces the error signal that the 
comparator must resolve. However, the comparator 
has adequate gain and accuracy to respond rapidly, 
even with reduced overdrive. 

The Am6108 provides 8 bits of resolution, but the 
part is linear to better than 9 bits. This tight linearity 
guarantees that the part has no missing codes. Also, 
offset and gain errors are minimal. 

Straight conversion on a bipolar input requires the 
DAC to source current for a negative input and to 
sink current for a positive input. However, as is the 
case for all conventional DACs, the Am6108’s on-chip 
DAC can only sink current. Bipolar inputs are 
accommodated by connecting the offset resistor to 
the voltage reference. This connection provides a 2- 
mA current source that functions to offset the DAC’s 
output current. 


Designing with a fast a/d 


Interfacing the Am6108 to any presently available 
microprocessor is easy (Fig. 4). Many a/d converters 
are so slow that processor interrupts have to be used. 
Interrupt servicing, which is not necessary for the 
fast Am6108, is very costly both in terms of micro- 





5. For stand-alone operation, the Am6108 requires only one 
external D-type latch. Output data are available in two’s 
complement coding by tying CODE SELECT low or in binary 
offset coding by tying CODE SELECT high. 
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processor throughput and in conversion time. 

The Am6108 has five input control lines—CHIP 
SELECT, START, READ, DATA/STATUS (D/S) and code 
select (CDSE) and a CONVERSION COMPLETE output. 
Only the 10 WRITE (IOW) and10 READ (IOR), which are 
available in every microprocessor system, are needed 
for interfacing. The microprocessor starts a con- 
version by writing to the Am6108. Because of the 
speed of the Am6108, the microprocessor can im- 
mediately follow the IOW with an IOR. Thus, the 
converter operates under microprocessor control 
merely by successive writes and reads. The data are 
made available on the eight three-state outputs. 

The CHIP SELECT control line can be a committed 
address line or, in a larger system, an address line 
decoded by dedicated control logic. The D/s control 
line opens the option of making status information 
available on the data bus. By testing this single 
status bit, the processor can determine whether a 
conversion is still in progress or complete. This 
option is relevant only in systems where the proces- 
sor cycle times are significantly faster than 1 ys. 
Data format is determined by CDSE. Data are avail- 
able in either two’s complement or binary offset 
coding. In a typical application D/S is tied high, and 
CDSE is tied low to provide two’s complement data. 
The Am6108 is selected by bringing CHIP SELECT low. 
With CHIP SELECT low, the IOW control line provides 
start and the IOR provides read. 

The Am6108 also operates in a stand-alone con- 
figuration (Fig. 5), with only a single D-type latch. 
CODE SELECT and D/S can be pin-selected to provide 
data, for example, in binary-offset format. For 
continuous conversions, the START and READ control 
lines are derived from the CONVERSION COMPLETE 
output, which is connected directly to theREAD input. 
Data are available on the data bus for one clock 
period until the output of the D-type latch goes low, 
which resets the converter and starts a new con- 
version. This mode of operation is suitable for real- 
time applications that demand the large bandwidth 
provided by the Am6108.0 
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How useful? 
Immediate design application 


Within the next year 
Not applicable 








Mostek MD Series. 
The solution to smart design: 
Buy only what you need. | 
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Mostek's MD Series: Proven STD-Z80 BUS 
compatible cards simplify microcomputer design. 


We're not alone. There are a 
number of OEM microcomputer 
board series to choose from. 
And like ours, each of them 
offers fully debugged hard- 
ware. Memory and I/O expan- 
sion modules. A/D and D/A 
interface. Software support 
systems. And more. 

All of which reduces 
hardware development time. 
Eliminates wasted time writing 
hardware documentation. 
Enhances design momentum. 
Increases productivity. Profita- 
bility. And allows you to focus 
your resources on designing 
the right products for your 
markets. The bottom line? 
Using an OEM microcomputer 
board series is a very smart 
way to design. 

So what makes the Mostek 
MD Series better? First of all, 
the MD Series is based on the 


Wi lorsyns) ie 
MD Series 
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powerful Z80 microprocessor. 
And all our MDX boards are 
STD-Z80 BUS expandable. So 
you can use any combination of 
MDX boards to configure your 
final system. 

Then there's the small size of 
the boards themselves: a com- 
pact 4.5" x 6.5"’ that makes 
system packaging easier. And 
two speed versions to choose 
from:either 2.5 MHz or 4.0MHz. 


Mostek MD Series: Think of 
them as design tools you can 
buy one at a time. 

The strongest advantage of the 
Mostek MD Series is that it’s 
designed like a set of compact 
precision tools. Each card has a 
singular specific function and 
can be bought separately. Yet 
all the cards work together 
because the STD-Z80 BUS uses 
a motherboard interconnect 
system. 


MDX-CPU1 Z80 CPU with 2 PROM 


: sockets and 4 timers 
MDX-MATH 
8K Dynamic RAM 
Ro). Ga DhVerclaalrom ay ANY 
32K Dynamic RAM 


-DRAM 16 
.-DRAM 32 


-EPROM 
UART 


UMC 

SRAM 4 

X-SRAM 8 
MDX-EPROM-16 
MDX-PIO 
MDX-SIO 
MDX-FLP 
MDX-AD 8 
MDX-D'A8 
MDX-AIO 
MDX-A'D 12 
MDX-D A 12 
Wipvablasiuie 


Comb. ERROM:UART 
Universal Memory Card 
AK Static RAM 

8K Static RAM 

EPROM Module 


2 channel programmable 
Floppy disk controller 
8-Bit AD 

8-Bit DA 

PNetel(ece mlb siianialeleiamsnsti 
12-Bit AD Converter 
12-Bit DA Converter 


EPROM-UART with 
10K ROM-based softwar 


MDX-SC'D 
MDX-INT 
MDX-SST 


Nahcigau) olan ap-4eY-)alelciar- laren 
Hardware single step 





High speed floating point math 


Z80 based single board c 
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These boards are further 
grouped into families to give 
you even more power and 
versatility. There's a data 
processing family, a memory 
family featuring dynamic and 
static RAMs, an I/O family that 
includes A/D and D/A modules, 
and powerful software devel- 
opment and accessories 
families. 

So instead of having to buy 
the equivalent of large, multi- 
purpose tools with more func- 
tions and more expense than 
your job requires, you select 
only those specific function 
tools that you need. At reduced 
cost. 

Then, if you want to expand 
or modify your system, you 
simply add, delete, or change 
MDX cards in the card cage. 


ACTUAL SIZE 


DATA 
PROCESSING 
e710] 6) 


olan) elenders 


MEMORY 
GROUP 


1/0 GROUP 


serial | O 


Olvi reer 


| ACCESSORY 
| GROUP 


System Controller and Diagnostic Board 


imer Board 


PROBLEM: A bank's main 
check processing system can 


capture and process millions of 


magnetically encoded checks. 
However, before the computer 
can process these checks 

the dollar amount must be 
magnetically encoded on each 
check, a slow and costly man- 
ual operation. In addition, 
checks are handled several 
more times for sorting and 
filing. Then mailed to the 
customer which also increases 
cost. Is there a better way? 


SOLUTION: A new image 

processing system developed 
by Dallas-based BancTec, Inc. 
This system handles a stored 


digital video image of the check 


instead of the check itself. The 
Image Processing System 
eliminates nearly all manual 
handling. It also eliminates 
returning checks to the bank's 
customers because it provides 
images of the checks on the 
customers’ statements instead. 
The versatility of the system is 
enormous and the bottom line 
impact is increased efficiency 
with considerable time and 
cost savings. 

According to Gene Dempster, 
principal software engineer, 
BanctTec chose Mostek’s MD 
Series because “they offer bite- 
size chunks that are versatile 
enough to perform many func- 
tions depending on where we 
use them in the system. They 
saved us from having to design 
a different piece of hardware 
for each function. Using one 


IMAGE PROCESSOR 


PRINTER 


standard CPU board and one 
standard memory board, we 
reduced our inventory and 
made servicing cheaper.” 

“In addition, the Z80 (the 
microprocessor base for the 
MD Series) offers better string 
management instructions than 
any other microprocessor we 
saw. We estimate that we saved 
between four and six man- 
months by buying the Mostek 
boards off the shelf. As a result, 
we were able to bring the 
system to the market that much 
sooner.” 

There are four MD Series 
boards in the BancTec Image 
Processing System: The CPU 1, 
32K DRAM, 16K DRAM and 
PIO. These are used in three 
separate areas of the system 
(transports, Fax terminals and 
image processor) to perform a 
variety of tasks. 
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PROBLEM: In many manufac- 
turing processes, monitoring 
moisture content is critical, 
either in finished goods or in 
intermediate processing steps. 
Overdrying can waste raw 
materials and energy. Under- 
drying can result in costly 
reprocessing or outright prod- 
uct loss. What's needed is some 
method to measure moisture 
content within a very narrow 
range. 


BSP4000 CONTROLLER 
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SOLUTION: The BSP 4000 
Moisture Control System. 
Developed by the Moisture 
Register Company, this instru- 
ment monitors and controls 
moisture content on a continu- 
ous basis. It eliminates both 
underdrying and overdrying 
because it allows the user to 
enter calibration data and 
control parameters, and set 
minimum/maximum limits via 
keyboard or optical card 
reader, almost instantaneously. 
In designing the BSP 4000, 
engineering manager and chief 
designer Charles Blevins aimed 
for a digital system with 
“smart formatting easily 
changeable by software.” 
“After a false start with 


another board family where the 
I/O needed wasn't available, we 


decided on Mostek’s MD Series. 
The form factor became a real 
determinant; only Mostek had 
the compact, smaller-sized 
boards we needed. It was an 


PRESSURE 
CONTROLLER 


HUMIDIFYING 





excellent choice. Not only did 
the MD Series reduce our 
development time by at least 
50%, it saved us money as well.” 

The Moisture Register BSP 
4000 uses five Mostek MD | 
Series boards: the CPU 1, 2 PIO 
boards and 2 EPROM/UART 
boards. These handle all the 
product’s data transmission 
chores, along with D/A and A/D 
conversion. 


MATERIAL IN 





PROBLEM: Granted, the MD 
Series boards can virtually 
eliminate hardware develop- 
ment time. But what about 
time-intensive software 
development? 


SOLUTION: Mostek’s MD 
Series Software development 
systems. Seven different 
models are available, including 
Mostek’s powerful Matrix™ 
dual floppy disk-based com- 
puter. You can buy as little or 
as much as you want, depend- 
ing on your needs. High level 
languages include BASIC and 
FORTRAN. 

Or you can build your own 
software development system 
using MD Series cards. By 
supplying the equipment you 
have, like CRT’s and line 
printers, you can cost effec- 
tively tailor a system to your 
budget. Plus you can reuse the 
MDX cards from the develop- 
ment system once the software 
task is accomplished. 

To configure a typical devel- 
opment system from MD cards, 
you need an MDX-CPU 1, two 
MDX-DRAM32s, MDX-FLP, 
MDX-EPROM/UART, wirewrap 
boards, cables, and a 


PROM programmer. Plug the 
cards into a MDX-card cage 
with power. Connect the sys- 
tem to your CRT, line printer 
and floppy disk drives (the 
MDX-FLP controls up to four 
single-sided drives). Purchase 
Mostek’s FLP- 80DOS disk- 
operating system, and insert 
those diskettes into two drives. 
You now have one of the 
industry's most powerful 
software development systems. 
Mostek also has complete 
diagnostic software to give you 
even more flexibility. MEDEX 
80 troubleshoots your system 
to the board level. MITE-80 
enables your MDX system to 
execute multiple programs. 
And supplementing MITE-80 is 
BIOS, a selection of routines to 
help you design I/O drivers. 
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Mostek MD Series: All the tools for a smart design. 


Before you define your next 
design path, consider the 
expandable, tool-like approach 
of the Mostek MD Series. For 
both hardware and software 
needs, it minimizes front-end 
investment. And then, enables 
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you to respond economically 
and quickly to changing prod- 
uct definition and/or market 
conditions. For the 1980s, it’s 
the smart way to design. 
For more information, con- 
tact your nearest Mostek dis- 
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When switching rise times get faster than 1 ns, switch from conventional 
open wiring to impedance control by transmission-line technology and 
to crosstalk control by shielding and guiding the signal paths. 





Transmission-line methods 
speed 1-ns data along 


Interconnection problems—mainly impedance 
matching and crosstalk—multiply in direct propor- 
tion to the switching speed of the signals handled 
and to the length of the transmission pathways. And 
with switching rise times going higher than 1 ns, the 
problems become acute. But flat cables, twisted pairs 
and coaxial cable can solve the transmission prob- 
lems between racks, boxes and boards, and micro- 
strip techniques can take care of on-the-board con- 
nections. These methods make it possible to apply 
impedance control by transmission-line technology 
and crosstalk control by shielding and guiding the 
signal paths. 

As a pulse’s rise time approaches the delay time 
of its transmission path, source-to-path and path- 
to-load impedances must be matched to prevent 
signals from being corrupted. With the propagation 
velocity of most cables more than 1 ns/ft, cable- 
impedance matching becomes more urgent as signal 
rise times drop below 10 ns. At 1 ns, even the short 
distances in connectors and between components on 
circuit boards begin to affect performance. For- 
tunately, it is easy to calculate when conventional 
open-wiring must be replaced by some form of 
controlled-impedance interconnecting system. 

Because any real signal pulse has a finite rise time, 
an upper frequency limit can be calculated based on 
a Fourier time-to-frequency analysis. The upper 
frequency limit is commonly expressed as 

F, = .0.35/T, 
where F, is the highest frequency that must be 
transferred by the interconnect system to keep the 
pulse shape from being significantly degraded, and 
T. is the rise time of the leading edge of the 
transmitted pulse. 

When the wavelength corresponding to F, is at 





Jim Fetterolf, Basic Products Manager 
AMP, Inc. 
Harrisburg, PA 17105 


least 100 times longer than the physical length of 
the transmission path, the signal can pass safely over 
conventional open wiring without impedance control 
or shielding. The wavelength is calculated by 
ere V/ Fs, 

where \, is the cutoff wavelength and V is the 
velocity of signal propagation (about 1 ns/ft). 

Fig. 1 is a graphic representation of these rela- 
tionships showing the decision threshold. Above the 
decision-threshold line, these interconnect problems 
are minimal, so conventional wiring is sufficient. 
However, the high-speed region electronic systems 





1. The decision-threshold line separates the rise-time/signal- 
path-length relationship into two regions: One does and the 
other does not require controlled-impedance interfacing. 
Thus, atrise times of 3.5 ns or less and signal-path lengths 

of about 0.1 ft, which are normal distances found within the 
confines of PC boards, controlled-impedance interconnecting 
is needed to avoid discontinuity problems. 
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Xmission-line methods 


are heading into—below the line—requires an in- 
terconnection system with two controlled ingre- 
dients: impedance and crosstalk control. Impedance 
control provides a reflection-free, maximized in- 
phase transfer of energy from the signal source to 
the receiving circuit. Shielding limits pickup from, 
or radiation of, crosstalk and other interference, and 
guided signal paths allow separation or balancing of 
the undesired signals to reduce interference. 
Fortunately, impedance and crosstalk/noise con- 
trols can be considered independently, which makes 
it easier to tackle the somewhat more complex 
impedance-matching problem first. 


All impedances should match 


In a perfectly matched circuit, both source and load 
at the ends of a transmission line match the charac- 
teristic impedance of the line. In practice, however, 
compromises must be made in the match, which 
introduces impedance discontinuities. 

A transmission line’s properties can be described 
(Fig. 2a) by its delay (Tp), characteristic impedance 
(Z,) and attenuation (a). If the attenuation can be 
neglected, then 

ai a (LO)? 

Z, =(L/C)” 
where L and C are functions of the width, thickness 
and spacing of the line’s conductors and the dielectric 
constant of the insulators. 

Digital pulses are attenuated in transmission lines 
by both the shunt capacitance (and leakage, general- 
ly negligible) of the dielectric and the series re- 
sistance of the conductor. The resistive losses are 
aggravated by skin effect, but this varies only as the 
square root of frequency. On the other hand, dielec- 
tric attenuation varies directly as frequency, which 
means that at a frequency of 500 MHz, the dielectric 
loss can represent as much as one-quarter the total 
attentuation, and one-third at 1 GHz. 

Total attenuation in an open line to about 1 GHz 
can be calculated (approximately) in dB as follows: 
ake. 
where a is the attenuation per unit line length, F 
is the frequency and k is a proportionality constant 
governed by the line’s conductor size, permeability 

and conductivity. 

Signal reflections, which generally cause more 
serious problems inside electronic circuits than at- 
tenuation, occur whenever a signal encounters a 
discontinuity (sudden change) in impedance. Discon- 
tinuities can appear at interfaces with connectors, 
circuit boards or components—or, indeed, with or in 
transmission lines. For example, a discontinuity 
between a mother and a daughter board can be 
introduced by an edge connector (Fig. 2b), but simply 
grounding pins on both sides of the signal pin can 
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2. Take the characteristic impedance of a transmission line 
(a) into consideration when interconnecting high-speed 
digital circuits. For example, nearly 30% reflectivity is 
exhibited by an edge connector to a 0.15-ns pulse; however, 
it can be reduced to 5% by proper capacitor-impedance 
compensation (b). In addition, note the much greater 
discontinuity effect a 28-ps rise-time signal has over that of 
a 500-ps rise-time signal when the signals encounter a 
connector in a transmission line (c). 








dramatically reduce the energy reflection factor. 

Since discontinuities between an IC and a board 
(as in Fig. 2b) generally occur over short distances 
relative to the critical wavelength, they are not 
nearly as troublesome as those between two boards 
Separated by a greater distance. The longer the 
distance occupied by the mismatch, the greater the 
amount of reflected energy and hence the greater 
the distortion. For distances corresponding to less 
than half a wavelength of the impressed signal, 
mismatches tend to average out. 

Trouble is, at frequencies above 100 MHz (with rise 
times of about 3 ns and less), the signal wavelength 
is short enough so that connectors become an ap- 
preciable part of the wavelength—and an impedance 
mismatch can seriously degrade a signal. Thus, a 
connector mismatch is more severe at a pulse rise 
time of 28 ps than it is at 500 ps (Fig. 2c). For such 
fast rise times, even conductive circuit-board 
pathways must be viewed as a part of the trans- 
mission line and should be impedance-matched. 


Most PC-board connectors (such as card-edge units 
and flat, flexible cable) can be used at rise times down 
to about 4 ns—provided a particular arrangement 
does not present too great an impedance mismatch 
and the signal path is less than 1 in. long. For 
example, a 22-pin edge connector handling 21 signal 
lines but served by only a single ground line at one 
end is an unsatisfactory arrangement for fast pulses. 
Signal lines close to the ground pin will have a 
reasonably low impedance (close to 100 (2), but lines 
furthest from the ground will present a much higher 
impedance (perhaps 1000 Q). Moreover, all the 
ground currents will travel a common path and have 
a large common inductance, which can couple a 
substantial amount of crosstalk among the lines. 
Signal lines furthest from the ground line could 
easily encounter a 50% coupling-factor problem. 

One way to make a significant improvement is 
simply to move the ground line to the center of the 
connector. But a better solution is to use more 
contacts as grounds. Best performance, however, 
results from an alternate signal-ground-signal- 
ground pattern. Since this arrangement may need 
more contacts than are usually available, this meth- 
od is generally not considered except for very critical 
applications. Most board-edge connectors exhibit a 
characteristic impedance reasonably close to 75 2 if 
surrounding pins are grounded. To obtain a 50-2 
match, compensating capacitors must be added to 
the circuit board. 

The connector inductance, which increases the 
characteristic impedance, can be partially com- 
pensated by a properly placed lumped capacitance, 
but this is limited to frequencies below 1 GHz. For 
best results, compensation should be performed 





experimentally using time-domain reflectometry 
techniques! that can handle rise times of less than 
a picosecond at about 12 GHz. 

Of course, reflection problems can be reduced by 
decreasing the length of interconnections: Merely 
pack the components more tightly. Problem is, such 
an approach raises the likelihood of crosstalk in- 
terference. 


Crosstalk not welcome 


Crosstalk—unwanted signal coupling—between 
lines, cables and circuits can, when joined by other 
background noise, mask desired signals and falsely 
trigger flip-flops, counters and other logic elements. 

Capacitance in closely spaced circuits generally is 
the primary coupling mechanism: Close interconnec- 
tions have high mutual capacitance, which carry 
more energy as the frequency rises. About 90% of 
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interconnection impedances on circuit boards. The plot 
provides the characteristic impedance (Z,) of signal 
conductors made of 2-0z, 0.0028-in.-thick copper foil having 
various widths (W), when the conductors are laminated on 
conventional epoxy-glass (e, between 5 and 6) boards of 
various thicknesses. 


Electronic Design ¢ June 21, 1980 97 





Xmission-line methods 


induced crosstalk is from immediately adjacent 
lines. Thus, in PC boards, crosstalk can be reduced 
by providing wide spacing between signal-conductor 
traces and by placing the conductors as close to the 
ground plane as possible. 

Naturally, where possible, total shielding is best 
for minimizing signal degradation from crosstalk 
and other noise coupling. Fully shielded systems 
such as coaxial cables completely enclose the signal 
line within a metallic ground. However, planar 
wiring, as on PC boards and flat cables, must resort 
to a pattern of interleaved signal and ground conduc- 
tors—all the while maintaining a desired character- 
istic impedance—to achieve a measure of shielding. 
Unfortunately, not all the dielectric paths from one 
signal line to another can be completely blocked. In 
coaxial cable, virtually all unwanted signals are 
shunted to earth by the shielding; in controlled- 
impedance planar/wiring, a lesser but adequate level 
of crosstalk immunity can usually be achieved at a 
much lower cost.” 


Microstrip controls impedance 


One form of controlled-impedance planar wiring 
is microstrip, a transmission line implemented on 
a PC board of known dielectric constant and uniform 
thickness. The board’s lower side has a conductive 
ground plane, and the upper side carries the signal 
lines etched in selected widths for different charac- 
teristic impedances (Fig. 3).** The signal lines kept 
close to the ground help keep the crosstalk down. 

Another way of controlling a characteristic im- 
pedance and reducing crosstalk is with twisted pairs 


—simply two insulated wires twisted together. Un- 
controlled, a single wire connecting two points may 
present a characteristic impedance of several 
thousand ohms and provide a severe mismatch. 
However, a twisted pair made with just standard 
plastic hookup wire can have a controlled character- 
istic impedance of about 100 2; made with thinly 
insulated Formvar wire, the twisted pair would have 
a characteristic impedance of about 50 0. 

Keep the twisted wires in intimate contact to 
balance out common-mode pickup (or radiation), and 
the pitch (number of twists per inch) will have a 
negligible effect upon the impedance. (But the propa- 
gation delay is affected: The more twists per foot, 
the longer the path and hence the greater the delay.) 
Characteristic impedances of twisted pairs stay 
within about 8% in a cable bundle. In most such 
cables, with a controlled pitch designed for mass 
termination, the nominal propagation delay ranges 
from about 1.2 to 1.6 ns/ft and propagation-delay 
variations are held to within about 5% of the nomi- 
nal. 

The standard two-wire transmission-line equation 
provides an approximate way to calculate the charac- 
teristic impedance of a twisted pair: 


=, in (2), 
(e,)*” d 


where e, is the dielectric constant of the insulation, 
D is the center-to-center distance between wire 
centers and d is the diameter of the conductors. 
Happily, twisted pairs are surprisingly immune 
to noise pickup because pickup in one wire tends to 
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4. In flat cables (left), crosstalk can be controlled by separating the signal-carrying 
wires either with grounded wires or just space (right). The more grounded wires 
used or the further the signal wires are separated, the lower the crosstalk. 
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cancel the pickup in the other wire. Nevertheless, 
cable-to-cable crosstalk between adjoining twisted- 
pair cables can be as high as 30% when signal rise 
times approach the propagation delay of the cable. 

Twisted pairs generally provide adequate noise 
immunity at low frequencies, especially where the 
pickup is from remote sources—distances that are 
large relative to the pitch length. Performance in 
twisted-pair bundles can be improved by twisting the 
pairs with each other. Also, within a bundle, the 
pitches should be multiples of two; for example, a 
bundle of four sets of twisted pairs could be wound 
with 2, 4, 8 and 16 twists per foot. Unfortunately, 
fast-rise-time systems can experience problems from 
the different propagation delays caused by the dif- 
ferent winding pitches. 


Flat cables have advantages 


Flat cables, on the other hand, are mechanically 
neater and often more convenient and economical to 
install in electronic assemblies. Flat cables—which 
have a planar cross-sectional geometry—are made 
with either flat or round conductors. Dielectric media 
range from relatively inexpensive polyvinyl! chloride 
(PVC) to more expensive Teflons. The single-unit 
construction of flat cable can greatly reduce handling 
costs, and the fixed geometry of the conductors can 
reduce wiring errors and provide more closely con- 
trolled impedances than twisted pairs. 

Many flat-cable configurations are available. In 
the simplest flat transmission cable, a signal conduc- 
tor shares ground wires with the adjoining signal 
wires (Fig. 4). The conductors lie side-by-side in a 
continuous ribbon-like strip—a configuration that 
lends itself to easy mass termination and high- 
density. applications. Crosstalk can be reduced 
further by employing separate grounds, and still 
further by adding an intervening ground or increas- 
ing the spacing. 

In a typical round-wire, flat-cable configuration 
with one ground wire between each signal path, the 
crosstalk isolation can be as low as 1.5%; with two 
grounds between signal lines, the isolation can be 
less than 1%. 

Round-conductor flat cable offers a wider range 
of impedances, from approximately 50 to 200 2. Flat- 
conductor cables cannot achieve nominal impedances 
below 90 Q, because the required close wire spacing 
is difficult to maintain. 

Another consideration is skin effect. For signal 
frequencies exceeding 1 GHz, a greater portion of 
the total current is carried at the wire’s surface. In 
such cases, flat-conductor cable provides about twice 
the surface area of an equivalently-gauged round 
wire. The greater surface area also enhances cooling. 
Thus, for a given current requirement, designers can 
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5. Coaxial ribbon cable produces very little impedance 
discontinuity at both connector/microstrip and 
connector/cable interfaces. Cables are available.with 50, 75 
or 93-0 impedances. 


select a flat conductor-wire gauge that is two to three 
gauges smaller than would be required for a round- 
conductor flat cable.O 
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How useful? 


Immediate design application 


Within the next year 
Not applicable 
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In the 1980's, the electronics industry will continue to grow and expand at an awesome rate. As new 
products are introduced that affect and change design concepts, they'll be described in a new series 


of conferences called “Electronic Design Conferences,” 


to be organized by Electronic Design 


Magazine. Here’s what you can expect during the coming months: 


FORTHCOMING ELECTRONIC DESIGN CONFERENCES 


1980 Schedule 


| july o425, 4080 21-25, 1980 


Aug. 18-20, 1980 


Sept. 29-Oct. 1, 1980 


Oct. 13-17, 1980 


Nov. 3-7, 1980 


Nov. 11, 1980 


Planned for Early, 1981 





January, 1981 


January, 1981 


February, 1981 


iene Users 
Conference 
(East) 


Telecom/ 
Design 
Chicago 1980 


Telecom/ 
Design 
East 1980 


IC Users 
Conference 
(Central) 


IC Users 
Conference 
(West) 


Engineering 
Employment 
Managers 
Conference 


Leisure- 
Time 
Electronics 


Advanced 
Measuring 
Techniques 


IC Users 
Conference 
(Southwest) 


i ae MA 
Holiday Inn 


O’Hare 
Airport 
Area 


Woburn, MA 
Ramada Inn 


Dallas/The 
Hilton LBJ 


~ Sunnyvale, CA 


Hilton Inn 


Sunnyvale, CA 
Hilton Inn 


San Jose, CA 


Los Angeles 





Description 


July 21-22: Linear ICs 
July 23-25: Microprocessors 


For Telecommunications 
IC Users 


For Telecommunications 
IC Users 


Oct. 13-14: Linear ICs 
Oct. 15-17: Microprocessors 


Nov. 3-4: Linear ICs 
Nov. 5-7: Microprocessors 


Theme: “The shortage of 
engineers — What do we 
do now?” 





=e 


Las Vegas 





For Designers of Electronic 
Games and Consumer Electronics 
Products 


For Users of Engineering 
Electronic Instrumentation 


For Linear 1C and Microprocessor 
Users 


To be placed on the mailing list for information on Electronic Design Conferences, write ED Conferences, 
P.O. Box 1021, Melville, N.Y. 11747 or circle the reader service number shown below. 
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For Telecommunications IC Users 


Chicago 
August 18-20, 1980 
O’Hare Airport Area 


The Program Includes: 


A Solid State Line Card Using Four LSI 
Components. Discussion of CODEC 
filter TSAC (time slot assigner circuit) 
and SLIC (subscriber loop interface 
circuit). The characteristics and features 
of the components will be discussed in 
the context of their aggregate use in a 
digital switch. Topics covered will be 
voice frequency performance, common 
control implementation and supervision 
methods.Bob Karasch, product 
marketing, telecom, Motorola 
Semiconductor, Austin, TX. 


Designing With Low-Power Monolithic 
CODECs and PCM Filters for Use in D-3, 
Channel Bank and PBX Applications. 
This talk will describe the interface 
between the two-wire telephone analog 
input and the digital switching network. 
Russell Leath, telecom applications 
engineer, Mostek, Carrollton, TX. 


A New Generation of Loop Disconnect 
Dialer Circuits. The evolution of 
integrated circuits for loop disconnect 
dialing has occured in discrete steps 
following the earlier high-voltage PMOS 
circuits. The present trend is to produce 
circuits that don’t simply emulate the 
rotary dial but that offer feature sets that 
are only available from an integrated 
circuit. Concurrent with this trend is the 
drive to reduce systems costs, both by 
reducing IC costs and by minimizing 
external interface components. A new 
family of dialer circuits, designated the 
DF 820 through DF 823, currently in 
design will implement these 
characteristics. This discussion. will 
detail the IC design philosophy and 


If you possess expertise in a particular 
area of engineering, software 
development or marketing, you may be 
interested in preparing and conducting 
occassional one-day seminars for 
Electronic Design readers. Please 


prepare a brief description of the subject 
you are interested in covering and send 


it to: Program Director, Electronic 
Design Conferences, P.O. Box 1021, 
Melville, N.Y. 11747. 





system implementation. Barry Boulton, 
marketing manager for telecom, 
Siliconix, Santa Clara, CA. 


Using LSI Building Blocks to Design 
Shared CODECs. By using bipolar LS! 
devices such as the MUX-88, DMUX-88, 
SMP-81, REF-82, COMDAC-86/7/8/9, 
OP-86, systems of up to 24 channels can 
be built at costs under $5 per channel 
excluding filters. Applications include 
broadband channel banks (high-quality 
music channels) private automatic 
branch exchanges (PABX), D-3 channel 
banks, PCM concentrators and central 
office equipment. Tac Berry, Precision 
Monolithics, Santa Clara, CA. 


improved Single Chip CODEC andPCM 
Filter Lead to Better Applications 
Performance. The only single chip 
CODEC with microcomputer interface 
now has improved half-channel specs. 
This combined with improved filter 
specifications results in a better overall 
system performance while also reducing 
power dissipation and improving power 
supply rejection. Tsung Mok, senior 
design engineer, telecom and Wayne 
Baxter, senior design engineer, telcom, 
Intel, Santa Clara, CA. 


Time Slot Assignment and Line Card 
Control From a Microprocessor Bus. 
Several new microprocessor peripheral 
products dedicated to time slot 
assignment and line card control 
functions will be discussed. A possible 
bus architecture for implementing a 
digital switch will be shown. Neil 
Wellenstein, manager communications 
systems, strategic marketing, Motorola 
Semiconductor, Phoenix, AZ. 


New Switched Capacitor PCM Filter Set. 
A new monolithic switched capacitor 
filter chip set has been designed for 
applications in PCM channel banks and 
digital central office and PABX 
switching equipment. These chips 
provide a higher level of performance 
than has been available with earlier 
designs, In addition, a wider range of 
application is made possible by a 
phased-lock-loop on the chip for clock 





Boston Area 
Sept. 29-Oct. 1, 1980 
Woburn Ramada Inn 


generation. Features of the new chip set 
are discussed along with a_ block 
diagram description, major specifica- 
tions, applications information and a 
typical design example. Gary Rothrock, 
applications manager for telecom, 
Siliconix, Santa Clara, CA. 


ICs for PCM Repeaters. LSI chips didn’t 
just replace discrete semiconductor 
devices as the active elements of T-1 
PCM repeaters. They provided 
additional functions such as on-chip 
regulators, shut-down circuits, and 
ALBO. Now, more functions such as 
multiple ALBO are coming. Guido 
Pastorino, Precision Monolithics, Santa 
Clara, CA. 


Pius Additional Presenta- 
tions Including: 


Protocol Controller Devices, the F6856 
and the F3846. Roy S. Kole, strategic 
product marketing manager, telecom, 
Fairchild Semiconductor, San Jose, CA. 


Spectrum Analysis Using AMI S-2814 
FFT IC. Dr. Gwyn Edwards, senior 
applications engineer, American 
Microsystems, Inc., Santa Clara, CA. 


Telecommunications Circuits Using 
Semi Custom Arrays. Bill O’Neil, 
manager of custom products, Exar, 
Sunnyvale, CA. 


Analog Filtering Using Switched 
Capacitor Techniques. Bruce Jordan, 
senior applications engineer, American 
Microsystems, Inc., Santa Clara, CA. 


For the complete program and 
registration information watch the next 
issue of Electronic Design: 


OR 


For additional details write: ED 
Conferences, P.O. Box 1021, Melville, 
N.Y. 11747. (516) 735-2062 
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| wanted to filter out 
EMI, but | didn't want to redesign. 


Showed me the way. 
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A better way. With AMP filtered pin 
headers, connectors and interfaces. 


High performance Quiet Line Filters 
have been incorporated into an integral 
filter/contact design, and preassembled 
in popular, industry-standard connector 
configurations. Which means a simple 
retrofit can solve your interference 
problems, without extensive circuit 
redesign. And they can assist you in 
complying with the emission limitation 
requirements of VDE and the FCC. 


AMP low pass filters operate on a 
unique principle. Unlike other filters, 
they’re absorptive so instead of 
reflecting EMI and noise back into the 
system, they dissipate it harmlessly as a 
small amount of heat. 


They also have no internal resonance, 


are insensitive to load and source 
impedance variations, and have high 
insertion loss ratings—features that 
combine to give you the highest 
performance possible. 


And you're assured of a variety of 
application options. Feedthrough pin 
headers for example, are bulkhead 
mountable and intermateable with 
AMP-LATCH and AMPMODU 
receptacles, as well as other .100" 
centerline types. 


For data communications 
specifications RS 232 and 449, 
AMPLIMITE subminiature D headers 
are board mountable, and both they and 
a similar filtered interface style intermate 
with all similar types. Circular 
configurations are also available. 


This combination of connectors, 
headers, interfaces, and high 
performance filters is unique in the 
industry. And together they work for 
you. Because while our filters eliminate 
interference, our connectors eliminate 
the need for redesign. 


AMP has a better way. 





Facts worth knowing about AMP filtered 
connectors: 

Filtered AMPLIMITE connectors: 

¢ subminiature D type 

meets or exceeds RS 232 and 449 

mates with MILC 24308 connectors 

available in 9, 15, 25, and 37 position sizes 
supplied in right angle board mount and solder 
cup versions, or as a male/female interface for 
easy field retrofit. 


Hegspabite pin header: 
¢ 40 and 50 positions .100" centerline, double 
row configuration 

¢ intermateable with AMPMODU and 
AMP-LATCH Connectors, as well as all existing 
similar types. 

¢ bulkhead mountable 

Circular connector: 

¢ 8 position 

° bulkhead feed-through receptacle with pin 
contacts 








Where to call: For more information call the 


Filtered Connector Information Desk at 
(717) 780-8400. 


Where to write: AMP Incorporated, Harrisburg, 


PA 17105. 


AMP, AMPLIMITE, AMPMODU, and AMP-LATCH are 
trademarks of AMP Incorporated. 


Anke, 
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How often do you send your DVMs to the 
cal lab? Every three months? Every 
- month? Or are you making ultra- 
precision measurements 
that require weekly or @e 
daily calibration? Now, § 
how long do you 
have to wait to get @ 
them back? A few @ 
hours? A few days? - 
A few weeks? How n 
time and money cot 
save if it took fift 
utes or less to cal 
DVM. Not a zeroin 


10 volts and hit the “gain” key. That’s all 
it takes. And, because the calibration is not 
interactive, none of the other range/functions 
are effected. If the 10 V DC range is the only 
one requiring calibration, the DVM can be put 
back into operation immediately. Datron’s 

Autocal let’s you calibrate any or all of the 
range/functions as required. 

Incidentally, the calibration mode is 
“enabled” by a key operated switch in the 
rear panel. The key is normally kept by 
a calibration or supervisory engineer to 
prevent unauthorized or accidental 
access to the calibration memory. 

Another feature of Datron’s 


a complete calibrati Autocal is its ability to operate on 
range and every function ™™ the IEEE bus. In conjunction 
ing AC high frequency and with a bus compatible calibrator, 
bias current. | your Datron DVM can be 
Well, that’s what you can ¢ calibrated remotely and in 
with Datronr’s AUTOCAL. situ. In systems use, where 
The Datron Autocal covers - DVM downtime can also mean 


every range and every function 
without plug-in boards or separate 
modules. Complete calibration of AC, 
DC, ohms and current on every range 
can be carried out in a few minutes from 
the front panel. Even source errors due 
to input bias current are taken into 
account by the Datron Autocal. No 
adjustment pots to tweek, no dis- 
assembly. In fact, you 
can operate your 
Datron DVM for _ 
five years or more , 
without removing | 
the covers. 
Calibration 
of each range/ 
function takes 
only a few second 
To calibrate the 
10 volt DC rang 
example, press thr 
“range” button, sho 
the input terminal and 
press the “zero” button. Thi 
updates the zero calibration a 
reference. Remove the short, apply 


system downtime, this can 
reduce to fifteen minutes 
_or less what could other- 
wise take a minimum of 
-several hours and a 
» Maximum of several days. 
There are a lot of other 
== time and money saving 
features of Datron DVMs such as 
automatic self-test, error read-out 
and computing capability plus a 
comprehensive /71¢ year was 
vanty and free annual calibra- 
| tion for five years. These 
features and specifications are 
covered in detail in our new 
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Conductive elastomers can be the solutions to many problems— 
but not understanding their chemical, electrical and mechanical 


properties could lead to new problems. 





Conductive-elastomer 





Conductive elastomers are replacing conventional 
products as rf shields, press-fit connectors and 
switches in all sectors of the electronics world: 
military, aerospace, commercial and consumer. 
However, designers looking to get involved with 
conductive elastomers and their many possible ap- 
plications could be in for a rough time if they don’t 
understand the chemical, electrical and mechanical 
properties they’ll be dealing with—and the potential 
pitfalls. 

Conductive elastomers take many forms, but the 
most dominant material used today is silicone “rub- 
ber” that has been mixed with an electrically (and 
sometimes thermally) conductive filler. The silicone 
resins in the conductive-rubber materials are basical- 
ly electrically nonconductive. As insulators, they are 
readily formulated to provide very good physical 
characteristics. Fillers such as silver, carbon, stain- 
less steel, monel, aluminum and nickel must be added 
to make the resin conductive. 

However, adding these fillers can easily destroy 
the good physical properties of the basic silicone- 
resin materials by: 

= Increasing the hardness 

s Increasing the compression set—material fails 
to recover dimension fully after being compressed 

= Reducing the tear strength. 

On top of all that, silicone-oil leakage from the 
resin, in time, could negate the conductivity of the 
filler by insulating the elastomer from the electrodes 
it should be interconnecting. 

In connector applications, the elastomer’s 
hardness rating, or durometer, determines the 
number of pounds of force necessary to compress the 
material to make a good electrical contact (normally 
3% to 20% compression). However, many suppliers 





Harry Stern, President 
Conductive Rubber Technology | 
1230 Coast Village Circle, Santa Barbara, CA 93108 





applications abound 


_ measure the durometer only before filler is added, 


which means that the finished product could end up 
being two or three times harder than specified and 
requiring much more pressure than anticipated to 
make a good contact. 

One problem related to the hardness is the little- 
known fact that solid-silicone rubber, like water, is 
not compressible; it “compresses” only when there 
is empty space around it into which the material can 





1. Sponge-rubber (a) or hollow-cored (b) elastomeric 
materials (shown with alternate conducting and insulating 
layers) prove superior to solid-rubber arrangements (c), even 
ones with wire inserts (d), because the spongy material needs 
much less force to compress and form more-effective air-tight 
connections. 
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“flow” when force is applied. Some engineers learn 
this fact the hard way—when PC boards bend or 
components crack trying to make good contact— 
because the material is confined without flow room. 

A sponge-rubber or hollow-cored solid-rubber ma- 
terial (Fig. 1) is more suitable. Such materials need 
just one-fourth to one-fifth the force of a solid-rubber 
part to compress. A solid-rubber part is not advised 
particularly when the contact-surface length is larg- 
er than 1 in. 

Compression set is another trap. Generally, when 
a solid-elastomer part is compressed 3 to 5% over 
a period of time, it will recover to only 80% after 
the force is removed. Even connectors made of 
hollow-cored solid materials are not recommended, 
especially when repeated compressions are antici- 
pated and the initial compressions exceed 25%. 
Indeed, wire-impregnated, solid-rubber connectors 
(another way to make elastomers conductive) should 
never be used more than one time: When equipment 
is taken apart and then reassembled, the connectors 
should be replaced. Once again, a sponge product 
offers a solution: Sponge material can take a 20% 
compression and still allow reassembly, because it 
takes a negligible set. 

But perhaps the worst problem is that some of the 
electrically conductive combinations are not stable: 
The material, although it may be highly conductive 


initially, often gradually increases its resistance as 
it ages. Many conductive-elastomer users discover 
this too late. At this point, connectors from only one 
company in Japan do not increase resistance with 
time when conducting current; instead, resistance 
actually decreases. The solution? A proprietary 
silicone-resin formulation that does not bleed 
silicone oil—even under pressure—either at elevated 
temperatures or as the formulation ages. 

All other conductive-elastomer connector and 


‘switch companies purchase commercial grades of 


silicone resins that, unfortunately, do bleed silicone 
oil. The oil coats conductive surfaces with an insulat- 
ing barrier and prevents electrical conduction. A 
large microcircuit manufacturer recently discovered 
this problem in the connectors of a burn-in facility 
used to age microcircuits. Though the connector 
supplier specified that the layered conductive 
elastomer used was stable to 260 C, in fact, an oily 
residue bled out of the connector at just 180 C. As 
a result, an initial resistance of 500 2 quickly rose 
to more than 10,000 © after only a few hours—a 
specification that was not found in the supplier’s 
catalog. 

Of course, the oil-leakage problem is equally dam- 
aging for switches. How damaging? Some suppliers 
guarantee only 100,000 switching cycles—without 
silicone oil leaking onto the contacts, 10-million 





2. Keyboard switches made of the proper elastomer formulation can readily attain a life of 10-million contact 
cycles at low cost by avoiding oil-leakage problems. 
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3. Elastomeric connectors should have a finer trace pitch (bottom) than the electrodes they interconnect 
to avoid alignment problems and cross-connections. In addition, short-circuit problems can be avoided by 
using connectors with insulated sides (top). 


cycles would be a practical target for elastomer 
switches (Fig. 2). 


Mechanical properties—important 


Mechanical properties of a particular contact or 
connector are as important as the oil-leakage charac- 
teristic. Accordingly, design engineers should 
carefully examine the following mechanical specifi- 
cations (see Table): 

= Height, thickness and other dimensional toler- 
ances 

» Trace-alignment accuracy (skew) in connector- 
conductor layers 

= Insulation protection 

=» Cut squareness 

» Fabrication technique. 

The most critical dimension of a press-fit connec- 
tor is the height of the interfacing elastomeric 
conductor material—the distance between the elec- 
trodes to be connected. The elastomer material must 
compress at least 5% (10% is better), so dimensional 
tolerances can become tight. For parts thicker than 
0.040 in., the best tolerance for height offered by any 
manufacturer is +0.004 in.; for under 0.040 in., it’s 
normally +0.008, —0.000 in. 

Most elastomeric-connector interface materials 
should have a finer trace pitch for the spacing 
between conducting layers than the electrodes they 


connect—at least three times finer (Fig. 3, bottom). 
As a result, aligning the traces on the connector with 
the electrodes will be no problem: With the electrodes 
carefully aligned, the interface elastomeric material 
is then simply placed between them. 

However, the best results are obtained when the 
conductive traces are truly perpendicular to the 
electrode surfaces. Problem is, some connector man- 
ufacturers cannot keep the conductor traces in 
straight lines—a defect called skew. In extreme 
cases, skew can cause cross-connections (short- 
circuits). The skew in an interface connector can be 
rather large: According to one manufacturer’s 
catalog, a connector 0.08 in. wide and 0.3 in. high 
can have as much as a0.015-in. skew. Unfortunately, 
many equipment manufacturers are finding out 
about skew after installing many defective connec- 
tors. The solution: Check skew before installing; or, 
better still, buy connectors without skew. 

Another way to avoid trouble is to purchase an 
elastomeric connector that is insulated along the 
nonconducting surfaces, especially if it costs no more 
(Fig. 3, top). The insulating materials should be 
softer then the conductive elements to allow the flow 
previously explained. Also, the insulated sides act 
as a safeguard against shorts, particularly in 
crowded locations. And in the case of silver-filled 
elastomers, the insulation helps prevent silver mi- 
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gration and galvanic corrosion. 

Silver filler produces a low-resistance product, but 
it has problems. For example, silver migration can 
be demonstrated by measuring the change of insula- 
tion resistance between two adjacent gold-plated 
electrodes that are insulated from each other. A 
silver-filled elastomer is pressed across the two 
electrodes, each 0.04 in. wide and separated on a PC 
board by 0.02 in. of the board insulation. About 
250 V de is applied across the electrodes. 


Temperature speeds migration 


Raising the temperature of this assembly to 60 C 
and increasing the humidity to 95% for 240 hours will 
accelerate the process. The insulation resistance be- 
tween the electrodes starts at about 2 < 10!2.Q, and 
if migration takes place, drops to about 2 X 10° Q. 

Almost all solid-elastomer, silver-filled connectors 
exhibit such a migration problem, except for a newly 


4. Anewly developed sponge-supported connector is silver- 
filled to attain low resistance. Nevertheless, it does not 
exhibit the silver-migration problems of most other silver-filler 
types, and thanks to the gas-tight seal the elastomeric sponge 
material also prevents contact corrosion. 
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Recommended tolerances 


For conductive-elastomer connectors 


Height tolerance: +.004 in. 
Length tolerance: +.015 in. 
Width tolerance: +.006 in. 
Pitch: 3 X electrode pitch 
Tolerances: +.004 in. @ 65/in. 

+.002 in. @ 200/in. 
Skew (total): none 


Critical dimension tolerance: +.003 in. 
Force: for +20% compression 
Contact resistance: generally about 200 to 500 () 
Life required: 100,000 to 15-million cycles 

Flash specifications: +.003 in. 

Abrasion resistance (to imprinting): 3-million 
cycles with a 200-g force-wiping test 




















Note: No foreign matter on surfaces (dirt, glue, 
oil, etc.). Specify required squareness and max- 
imum force for desired compression, tem- 
perature, current and resistance. 







developed, silver-filled sponge connector (Fig. 4). 
Closed sponge cells at the electrode interfaces pre- 
vent exposed silver surfaces (as exists in solid- 
elastomer connectors), which keeps migration from 
starting at these surfaces. 

Also, the sponge material forms gas-tight seals, 
which alleviates the galvanic-corrosion problem. 
When a more noble (less chemically active) metal 
touches a less noble metal in the presence of humid- 
ity, a battery circuit is formed. The result is galvanic 
corrosion of the less noble material, which occurs 
when silver-filled connectors (silver is a noble metal) 
contact indium-oxide or tin-lead electrodes. The gas- 
tight seal and closed-cell structure of the sponge- 
material heads off corrosion by preventing moisture 
from reaching the silver-electrode interface. 
Moreover, the closed-cell sponge has no exposed 
silver surface that humidity can attack. 

Silver migration and galvanic corrosion are not the 
only things to watch out for. Be careful of tem- 
perature specs and circuit shorts. 

Most suppliers of silver-filled elastomers rate their 
products at room temperature, which can be mislead- 
ing. Increased temperature reduces current flow in 
some products, even when temperature is below a 
specified upper limit. Current rating and tem- 
perature are tied together and must be considered 
together—such as 1 A at 25 C. But don’t depend on 
supplier ratings—test a particular connector or 
switch before using it in a circuit. 

And watch out when silver-filled elastomers come 
in the form of silver-plated beads—these tend to drop 
silver particles from cut edges into a customer’s 
circuits. Look at elastomers under magnification, or 


rub the cut surface of the material over a piece of 
plain white paper. If there are small beads, be 
warned: The best low-resistance connectors contain 
no silver beads, but are made with microscopic, 
suspended silver powder. 


Check under magnification 


A magnifying glass can check not only for silver- 
plated beads but also the general quality level of a 
supplier. Look for ragged cut edges, irregular or 
shorted conductive traces, glue-on conductive sur- 
faces, out-of-square surfaces, skewed lines and for- 
eign matter. Also, test a connector’s resistance after 
it has been operated under a load at between 60 and 
100 C. 

Even with a perfect checkout, no matter who the 
supplier is, here are some basic rules to help with 
a successful conductive-elastomer design: 

= Use the widest possible connector to get the best 
gas-tight seal possible. Connectors limited to widths 
of 0.030 in. or less will not seal adequately and allow 
electrode corrosion. Width should be at least 0.040 
in.; 0.080 in. is even better. 

= Specify the softest connector material available. 
Solid-silicone connectors, which need more than 2 
lb/in. to compress 15%, should not be used (unless 
with gold-plated contacts); sponge products are best. 

» Clean tin/lead contacts (when used instead of 
gold) before assembly. Sulfur fumes can corrode 
tin/lead traces and cause open contacts. 

Problems with tin/lead contacts can be eliminated 
with gold plating—expensive but best where the cost 
can be tolerated. In laboratory tests, a gas-tight seal 
can be made between an elastomeric connector and 
bare tin/lead contacts that produces no increase in 
resistance, even under adverse atmospheric condi- 
tions. But duplicating these results in production is 
another matter and difficult to achieve. 

Nevertheless, tin/lead traces are used successfully 
in low-cost, limited-life electronic games, toys and 
even calculators and clocks. However, in important 
industrial applications or in high-cost instruments, 
gold-plated contacts are recommended for the 
elastomeric interface material to reduce the possi- 
bility of failure. Fortunately, expense can be kept 
low, because a very thin layer of gold will suffice: 
The gold experiences no wear in either connector 
or switch application. Just 0.3 wm of plated gold over 
3 um of plated nickel and situated on 35 um of copper 
will produce excellent results.O 


How useful? Circle No. 


Immediate design application 550 


Within the next year 551 
Not applicable 552 
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It’s EDC Model MV105J 
D.C. Voltage Standard 
for use in design and 
development labs as a 
reference, a source anda 
supp It serves as a 
simulator for ther- 
mocouples and transduc- 
ers. Production line quality 
control and field service calibration rely on this 
instrument as a dependable reference/standard. 
Model MV105v’s calibration accuracy is + 0.003% 
of setting. You can’t do better than that! | 
Two output ranges: + 10 Vdc resolved to 10 .Vde 
and + 100 mV resolved to + 0.1 wVdce. | 
Line and Load Regulation is + 0.0005%. 
Other models as low as + 10 mV or up to + 1000 
Vdc, down to + 10 mA or up to + 10 Adc. 
_ Model MV105J price $1,250.00; Galvanometer 
option $325.00. 


For complete information contact Bob Ross. 


ELECTRONIC 
Cn, DEVELOPMENT 
CORPORATION 


11 Hamlin St., Boston, MA 02127, Tel: (617) 268-9696 
— TLX: 955329 e TWX 710 350-7544 
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No Waiting 





Introducing the Intel" 2732A EPROM. Now you can 
design 16-bit microcomputer systems without delays. 


Now get all the performance 
you're paying for from your micro- 
processor designs with Intel’s 
new 2732A,. EPROM. For 16-bit 
microprocessor systems, 2732A 
EPROMs deliver both the high 
speed (250ns) and high density 
(32K) solution. No other 32K 
EPROM on the market comes 


close. 


No speed limit 

Other EPROMsS require one, 
two, even three wait states to work 
with today’s high speed micro- 
processors. Not Intel’s 2732A 
EPROM. It’s fast enough to keep 
up with any of them. 

So now, at last, you can utilize 
the full potential of your micro- 
processor. In fact, when you use 
2732As, you're designing a system 
that can run 25% faster. 

And with a 32K bit density, 
you're not losing valuable board 
space to memory chips. 


The HMOS“-E generation 
By designing with the 2732A 
today, you’re actually designing 
with the standard of tomorrow. 
The 2732A is a product of Intel’s 
proven, reliable fourth generation 
EPROM technology, HMOS-E, 
and the first to come in a family of 
dense, high speed EPROMs. 
HMOS-E technology means 
that we’ll be able to incorporate 





high performance features, like 
increased density, into future 
EPROMs, without affecting their 
speed or power characteristics. The 
2732A is your first step towards a 
degree of flexibility in memory 
design never before available. 


JEDEC approved pinout 
You can start designing for 
tomorrow now because the 2732A’s 


pinout conforms to the approved 


JEDEC committee standard for 
byte-wide memories from 16K bits 
to 256K bits. So you can upgrade 
from a 2732A without changing 
your design or board layout. And 
you won’t have to sacrifice features 
like 2-line control—a must in 
high-speed memories for avoiding 
bus contention problems. 


Proven Intel reliability 

Like all our EPROMs, your 
2732As are put through rigid quality 
control tests to insure they'll retain 
their programs and programma- 
bility for years to come. 

And like all Intel products, the 
2732A is backed with our tradi- 
tional field support and technical 
documentation. Which means, 
if needed, you always have a source 
for technical information and 
design help to speed development 
along. 

So whether you're designing a 
system around one of the new 
16-bit microprocessors, like our 
8086, designing in a high perfor- 
mance 8-bit processor, or upgrad- 
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ing an existing design, don’t wait. 
For a cost effective, reliable, and 


total EPROM solution, with a 


no-compromise growth path, your 


best choice is the 2732A. 
2732A 64K 
Pin Configuration Pin Configuration 





The 24-pin 2732A pinout conforms to the 
28-pin JEDEC committee approved design 
for byte-wide memories. By using 28-pin 
sockets, there’s no need for delays in 
upgrading to the 64K, 128K, or 256K 
EPROMS of the future. 


Why add any unnecessary delays? 
To order now, or for more infor- 
mation—contact your local Intel 
distributor or sales office. Or, write 
Intel Corporation, Literature 
Department, 3065 Bowers Avenue, 
Santa Clara, California 95051. 

Or call (408) 987-8080. 


*HMOS is a patented Intel process. 


La 


Europe: Intel International, Brussels, Belgium. 

Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components, 
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics. 
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A major improvement over traditional 
LC. packaging methods. 


How a simple socket can mean 
greater reliability, greater 
design flexibility at a lower cost. 

























sa 
wai 


ew Soc- 
Nee" DIP and 
SIP sockets use a 


conventional precision 
screw machine contact. But, 
that’s where conventionality ends. 


They’re available in both solderable 


and solderless press-fit models with a 
combination of features not found in 
any other socket. 


Contact clips and tails precisely 
oriented. ! 
Tines of each contact clip are pre- 
cisely oriented for perfect alignment 
with I.C. leads. The result — four con- 
tact points at every lead every time, a 
redundancy that costs you no more 
than conventional designs. 

Also, each tail is oriented square 
and parallel with the others to easily 
accept mating connectors. 


Selective gold plating. 

The contact clip is plated with 30p 
in. gold over nickel. The screw ma- 
chine contact can be selectively 
plated starting from the tip of the tail 
(.250” minimum) — with the exact 
gold thickness you need. That can 


mean significant savings. 


Solderless press-fit advantages. 
With solderless press-fit Soc-Pac 
sockets, you get the savings that 
eliminating the soldering step make 
possible. And, you get a gas-tight me- 
chanical and electrical interface with 
the plated-thru hole in the PCB. 
There are still more advantages to the 
Soc-Pac design. 


Get higher density, more flexibility. 
Contrary to the trend to low profile 
sockets, Soc-Pac sockets stand rela- 
tively high on the PCB. There are very 
good reasons for that. 

It allows us to reduce pad size to 





The Leader in Press-fit Technology 





0.055” on press-fit and 0.050” on 
solderable sockets. Which means you 
can run a trace between contacts for 
greater printed circuit density. And 
greater design flexibility. Additional 
printed circuitry translates to 
eliminating at least one tail wrap — 
from a 3-wrap tail to a 2-wrap, or no 
wrap at all. You keep compactness, 
too. The two-wrap tail allows about 
the same board to board spacing as 
conventional low profile sockets with 
a 3-wrap tail. 

Higher sockets also add reliability. 
You get better air flow, thus better 
heat dissipation. That’s particularly 
important with higher pin count 
LC.'s: 


How they come. 

You can select either solderable or 
solderless press-fit Soc-Pac 
sockets in selective gold 
over nickel, tin, or nickel 
finishes. 

DIP sockets come in 8, 14 
and 16 pin counts for a 
0.100" x 0.300” grid spacing 
and 24 and 40 pin counts 
for 0.100” x 0.600" grid 
spacing. 

SIP Sockets come in strips from 
4 to 56 pin counts. 

There’s no other socket on the mar- 
ket that combines all the features 
you'll find in the Soc-Pac™ socket. 
So, to get the savings, the reliability, 
and the flexibility Soc-Pac™ sockets 
offer is a simple matter of contacting 
us. Use the address and phone num- 
ber below. 





P. O. Box 34555, Dallas, Texas 75234. 214-233-3033 
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The automated placement and wire-routing of ECL for printed-circuit 
boards can upgrade existing computer designs with an economical 


investment of software and time. 





Software eases a hard 
task—wire-routing ECL 


When a reliable high-speed computer must be 
customized, even in very low quantities, only 
emitter-coupled logic (ECL) satisfies the objectives 
of speed and reliability; both TTL and Schottky 
circuits have drawbacks. Yet the attractions of ECL 
fade if the designer depends on manual methods for 
placement and wire-routing of ECL on printed- 
circuit boards. Manual design is slow and error-prone 
—and, therefore, costly. Here again, the designer has 
only one practical choice: complete automation. 


ECL, the only logical choice 


When acomputer must be fast, TTL is not suitable; 
though Schottky circuits are much faster, they 
present other severe restrictions, such as difficult- 
to-control reflections and excess crosstalk stemming 
from narrow threshold margins. TTL, however, 
could still be used where speed is not critical; and 
Schottky, where crosstalk and reflections can be 
controlled. . 

ECL is clearly preferable. It operates in a non- 
saturated mode; consequently, storage time is not 
a speed limiting factor. Equally important, ECL 
offers differential-amplifier input pairs that provide 
high-impedance inputs, and emitter-follower con- 
nected configurations that provide low-impedance 
outputs. These I/O characteristics allow large fan- 
out capabilities. Spacially distributed gate inputs can 
be tapped off along an interconnecting “trans- 
mission” line without producing reflections (im- 
possible with Schottky). With such a net terminated 
at the end of the line, reflections are easily limited 
to a safe 55% of the noise margin. 

After accounting for all ECL limitations, a prac- 





John A. Pierce, Director of Technical Services 
Ed Malitz, Principal Member of Technical Staff 
Formation, Inc. 

Mount Laurel, NJ 08061 

Mike Wilson, Manager of Application Engineering 
Automated Systems, Inc. (Eastern Div.) 

Blue Bell, PA 19422 





tical fan-out of 10 to 15 gate inputs remains—far 
more than that are possible with Schottky. Thus, 
ECL circuits require fewer chips to perform the same 
functions. (Of the several families of ECL logic 
available, the ECL-10000 series is the most widely 
sourced). 

Schottky circuit boards hold one advantage: They 
can be designed by less efficient manual methods, 
because the circuits impose fewer restrictions. With 
ECL, transmission-line techniques must be em- 
ployed. Therefore, a manual approach would require 


ie 

yy yy : 
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1. ECL gates can be tapped-off the main transmission line 
over its total length (a) from source to terminating resistor 
(b) without causing excess reflections, if rules on fan-out and 
maximum length are followed. In addition, gates can be 
attached to the main line by short stubs, so long as the stubs 
are shorter than the specified maximum length (c). 
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ECL circuit-board design 


overcome the almost unlimited opportunities for 
human error. Merely documenting such factors as 
parallelism and the lengths of signal nets—vital 
considerations in determining whether an ECL board 
will operate properly—would be a horrendous task 
for a manual designer. (Although, given all the time 
in the world, a manual designer could complete the 
job.) 


When time is vital, so is automation 


Automated design is the only practical approach. 


As a first step, all available information about the 
ECL circuit characteristics is compiled. The physical 
layout and construction of the circuit-board are 
determined, and preliminary wiring rules are or- 
ganized. A “first pass” of these rules over the board 
design can then establish, with some lab work, 
whether calculations accurately match theory and 
practice. Part of this process is to calculate the 
maximum number of chips that can be handled on 
a single board, and to evaluate different styles of 
boards. 

The specifications for wire-routing rules set two 
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TAKE- OFFS LENGTH 
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AD +BC MUST BE LESS THAN 5,0 in. (TWOINPUTS) | 
AI + EF + GH MUST BE LESS THAN 4,5 in.( THREE INPUTS), 


(b) 


NOD OMT 


D 


AD + BC = MAX, SPECIFIED LENGTH 
(c} 





2. Sources can be connected in series (a), and they can 
supply “radial” nets (b); but length rules must be closely 
observed. When the signal source is from a location off the 
board, a series isolating resistor is included from the board- 
connector pin to the gate-net line (c). 
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3. Resistors for isolating (a) or terminating and isolating (b) 
are packaged in SIPs and DIPs at strategic locations on the 
circuit boards. 


main requirements: enforcing gate-input stub-length 
controls and terminating the transmission lines 
properly (Figs. la through 1c). 

Merely specifying that stubs be as short as possible 
is inadequate; even worse is to ignore their length 
entirely. The precise location of terminating resistors 
is important also. These two requirements can some- 
times be overlooked when circuit cards are small and 
signal lines short; but a system with large cards and 
relatively long lines operates correctly only with 
strict attention to the restraints. 

The advantage of automated design is that a test 
board can be routed with, say, 1-in. max stub lengths 
as a first-cut design. Then, by changing only one 
instruction—the maximum stub length—values of 
0.5 or 0.25 in. can be tried quickly and the resulting 
routing densities compared for practicality. 


Existing program modified for ECL 


Indeed, the program for ECL does not have to be 
written from scratch. Automated System’s wiring- 
layout program for TTL, called PRANCE (Place- 
ment, Routing and Numeric-Control Editing), has 
been modified to provide a basis for and facilitate 
the work involved in designing ECL boards. In- 
corporating the ECL routing rules and the 
transmission-line technology into PRANCE necessi- 
tated many modifications to existing PRANCE soft- 
ware modules, plus the development of new modules. 
The PRANCE ECL/TTL system is available on a 
service bureau or lease basis to any firm involved 
in designing ECL boards. 

Because the program incorporates all wiring in- 
formation, it also can partition circuits for minimum 
interboard connections, indicate where boards 





should plug into the back panel for shorter cross- 
connections and maximum effectiveness, and also 
provide full documentation. 

For example, a PRANCE-designed computer (see 
“PRANCE Answers a Call for Speed”), with more 
than 40 connectors on two racks and about 5000 
interconnections on the backplane, needed extensive 
documentation. Just listing the signal name for each 
pin on every card, its source and where the associated 
terminating resistor is located would be an over- 
whelming task, if done manually. PRANCE makes 
the task easy by processing all the ECL boards and 
most of the TTL boards in the system. 

The ECL transmission-line modifications and the 











rules for assignment and placement included in 
PRANCE minimize discontinuities along the trans- 
mission line, terminate transmission lines in the 
right places and separate signal paths to minimize 
reflections and crosstalk. 

The signal source (or sources) is always placed at 
the extreme end of a fan-out string, or net; and the 
signal flow is along a continuous serial line with take- 
offs as required to the last input (Fig. la). At the 
input that is furthest from the source pin, or within 
a maximum specified distance, a terminating re- 
sistor is connected to match the line’s impedance and 
thus help eliminate reflections (Fig. 1b). 

The gate inputs, when necessary, can be attached 
by short wire lengths, or stubs, that are tapped-off 
at serial points along the main transmission line. The 
stubs lengths are kept within a customer-specified 
maximum (typically 0.25 in.; may be zero). A stub 
can connect to another stub so long as the total length 
is within the maximum specified (Fig. 1c). 

In a multisource net, the sources connect serially 
and then to the main transmission path. The max- 
imum distance between any two sources is auto- 
matically kept less than a specified distance, typi- 
cally 5 in. (Fig. 2a). 

A source also can drive a terminated main trans- 
mission line—the longest path from the source—plus 
several unterminated paths, called radial nets (Fig. 
2b). An unterminated path is not allowed to exceed 
a specified length, which depends on the number of 
take-off points it supplies (see table, Fig. 2b). The 
lengths include all stub lengths, when stubs are used. 

Nets with no sources on the card are treated 
differently. The signal is first routed from a card- 
connector pin to an isolating resistor, thus placing 
the resistor in series with the paths to any gate inputs 
(Fig. 2c). Such gates are located so as to make 
sourceless nets shorter in overall length than sourced 
nets. Maximum lengths for sourceless nets can be 
specified separately in the program. Resistors for 
this function (also for terminating) are packaged in 
SIPs or DIPs at specified board locations (Fig. 3). 

Finally, signal paths that run parallel also have 
overall length limitations. Lines are generally con- 
sidered parallel when they run along parallel-grid 
lines, spaced 0.075-in. or closer, for cumulative 
lengths in the range of 20 to 25-in., typically. The 
program flags those lengths that are in violation of 
customer specifications. Later software (post proc- 
essor) cleanup can reduce the parallelism.O 


‘How useful? 


Immediate design application 


Within the next year 
Not applicable 
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Why our 


award-winning, 


Non-Noble 
Thick Film 











Networks 
will take you 
through 

the 80's. 


Now you Can have the industry’s first networks 
not tied to the increasing cost of precious metals 
such as ruthenium, palladium, silver and gold. 

TRW has the material and the products for the 
changing 80’s. Just in time to handle your needs. 

The materials are screened base metal resistor 
and copper cermets fired in inert N2 at up to 
1000° C, chosen by /ndustrial Research/Develop- 
ment Magazine as one of the top 100 industrial 
product developments of 1978. 

The products are thick film DIP networks, and 
SIP and low-profile SIP networks. Winner of 
Electronics Products Magazine new product of 
the year award in 1979. 

For more information on non-noble networks 
Or our discrete non-noble Metal Glaze™ resistors, 
contact your local TRW/ECG sales office or 
TRW/IRC Resistors, an Electronic Components 
Division of TRW Inc., Greenway Road, Boone, 
N.C. 28607. Dept. N, (704) 264-8861. 


~ TRW 8004 
614-3-1026 


TRRW irc resistors 


A DIVISION OF TRW INC. 
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Semi-Precision Metal Glaze” 
Thick Film SIP Networks. 


Proprietary cermet thick film 
element fired at 1000°C, laser 
trimmed to value, tolerance 







Thick film copper 
conductor paths 







Epoxy molded jacket 
for ease of handling,. 


Alumina ceramic auto insertion 


0 
substrate | 


60-40 electroplated 
lead wires on .100 centers 


Double clamped and 
soldered lead terminations 


[_] Feature TRW/IRC’s non-noble thick film 
technology 


[-] 6-, 8- or 10-pin packages 


[-] Transfer molded for mechanical stability and 
automatic insertion 


STANDARD RESISTANCE VALUES (OHMS) 


33 180 1.0K 5.6K 33K 180K 
39 220 1.2K 6.8K 39K 220K 
47 270 1.5K 8.2K 47K 270K 
56 330 1.8K 10K 56K 330K 
68 390 2.2K 12K 68K 390K 
82 470 2.7K 15K 82K 470K 
100 560 3.3K 18K 100K 560K 


120 680 3.9K 22K 120K 680K 
150 820 4.7K 27K 150K 820K 
1MEG 


ELECTRICAL SPECIFICATIONS 


Resistance Range: 33 ohms to 1 Meg 
Resistance Tolerance: +2%, +5% 
Temperature Coefficient: +200 ppm/°C 
TC Tracking: 50 ppm/°C typical 
Power Rating at 25°C: (see derating curve) 
Circuit 1 6Pin 8Pin 10Pin 
Total package 15W 2.1W  2.7W 
Single resistor .3W .3W .oW 
Circuit 3 
Total package 15W 2.0W  2.5W 
Single resistor .5W SW SW 
(Rating at 70°C is 67% of 25°C rating) 
Maximum Continuous Working Voltage: 50V 
Operating Temperature: —55° to + 125°C 


STANDARD CIRCUITS (Resistors all same value) 
CIRCUIT 1 CIRCUIT 3 


Rated Load (watts) 





70 100 125 


Ambient Temperature (°C) Ambient Temperature (°C) 


PART NUMBERS: 6 Pin: 806-1, 806-3; 8 Pin: 808-1, 808-3; 
10 Pin: 810-1, 810-3. 





Low-Profile Metal Glaze” 
Thick Film SIP Networks. 









Proprietary cermet thick film 
element fired at 1000° C, laser 
trimmed to value, tolerance 


Thick film copper 
conductor paths 


Alumina ceramic 


substrate Epoxy molded jacket 


for ease of handling, 
auto insertion 


—~_60-40 electroplated 
lead wires on .100 centers 


Double clamped and 
soldered lead terminations 


[] Feature TRW/IRC’s non-noble thick film 
technology 


[] 8-pin package 
[] Project only .195 in. from PC board 
[.] Height consistent with DIPs 


STANDARD RESISTANCE VALUES (OHMS) 


33 150 680 3.3K 15K 68K 
39 180 820 3.9K 18K 82K 
47 220 1.0K 4.7K 22K 100K 
56 270 1.2K 5.6K 27K 120K 
68 330 1.5K 6.8K 33K 150K 
82 390 1.8K 8.2K 39K — 
100 470 2.2K 10K 47K — 
120 560 2.7K 12K 56K — 


ELECTRICAL SPECIFICATIONS 


Resistance Range: 33 ohms to 150K 
Resistance Tolerance: +2%, +5% 
Temperature Coefficient: +200 ppm/°C 
TC Tracking: 50 ppm/°C typical 
Power Rating at 25°C: (see derating curve) 
Circuit 1, total package - 8 Pin, 1.25W; 
single resistor - 8 Pin, .18W 
Circuit 3 total package - 8 Pin, .84W; 
single resistor - 8 Pin, .21W 
(Rating at 70°C is 67% of 25° rating) 
Maximum Continuous Working Voltage: 50V 
Operating Temperature: —55° to +125°C 


STANDARD CIRCUITS 
CIRCUIT 1 CIRCUIT 3 


POWER DERATING 


POWER DERATING 
ep RAR ASS Deh ERP RPA ARTE 


on CIRCUIT 3 
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0 25 50 70 100 125 
Ambient Temperature (°C) 





Rated Load (watts) 
Rated Load (watts) 


ee ee 
0 25 50 70 ~=100 125 
Ambient Temperature (°C) 


PART NUMBERS: 8 Pin: 608-1, 608-3. 





Rated Load (watts) 


Semi-Precision Metal Glaze” 


Thick Film DIP Networks. 


Epoxy molded jacket 
for ease of handling, 
auto insertion 












60-40 electroplated 
lead wires on .100 centers 


Proprietary cermet thick film 
element fired at 1000°C, laser 
trimmed to value, tolerance 


Resistive elements are 
actually on the bottom for 


better heat dissipation. Double clamped and 


: : soldered lead termination 
Alumina ceramic : 


substrate 


O Featuring TRW/IRC’s non-noble thick film 
technology 


0) Project only .200 in. from PC board 


(1) Transfer molded for automatic insertion 


STANDARD RESISTANCE VALUES (OHMS) 


33* 100* 330* 1.0K* 3.3K* 10K* 33K* 100K* 330K" 
39 120 390 1.2K 3.9K 12K 39K 120K 390K 
47* 150* 470* 1.5K* 4.7K* 15K* 47K* 150K* 470K" 
56 180 560 1.8K 5.6K 18K 56K 180K 560K 
68* 220* 680* 2.2K* 6.8K* 22K* 68K* 220K* 680K" 
82 270 820 2.7K 8.2K 27K 82K 270K 820K 
* Preferred Value 1MEG* 


ELECTRICAL SPECIFICATIONS 


Resistance Range: 332 to 1 Meg 
Resistance Tolerance: +2% and +5% 
Temperature Coefficient: +200 ppm/°C 
TC Tracking: 50 ppm/°C typical 

Power Rating 25°C: (see derating Curve) 


Circuit 1 14Pin 16Pin 
Total package 1.625W 1.875W 
Single resistor 125W  .125W 

Circuit 3 
Total package 1.75W 2.00W 
Single resistor .25W .2OW 


(Rating @ 70°C is 80% of 25° rating) 
Maximum Continuous Working Voltage: 100V 
Operating Temperature: -55°C to +125°C 


STANDARD CIRCUITS (Resistors all same value) 
CIRCUIT 3 


14 14 
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PART NUMBERS: 14 Pin: 514-1, 514-3; 16 Pin: 516-1, 516-3. 


CIRCLE 43 
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Berg’s Clincher connector 
mass terminates flat conductors 









The “Clincher” on flat conductor, flat cable. 


The “Clincher” is a superior connector system for 
flat conductor, flat cable or flex circuits. It offers high 


reliability and the lower applied cost of mass termination. 


With the “Clincher,” all of the flat conductors are 
terminated simultaneously, within 15 seconds. Cable 
stripping is not required. The “Clincher” system offers 
a substantial reduction in total installed cost over 
individually terminated conductors. 


The “Clincher” design uses Berg's proprietary 
PV* receptacle, a connector of proven reliability for 
over a decade in data processing and telecommuni- 
cations applications. The dual-metal construction of 
the “PV” provides a high normal force to assure highly 
reliable mechanical and electrical performance. 


Berg's “Clincher” accepts a 1 to 2 0z. copper 
0.062’’ wide cable. It is stackable on 0.100’ centers 


*Du Pont Trademark 


quickly and reliably. 






5 
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The “Clincher” on flat conductor, flex circuitry. ; 


in double-row configurations for dense packaging. 
The “Clincher” mates with 0.025" pins or standard 
Berg headers to form a complete interconnection 
system. 


Rely on Berg for quality performance to meet 
your most demanding application needs. Fora 
brochure describing the “Clincher” system, write 
or call: 


The Du Pont Company, Berg Electronics Divison, 
New Cumberland, Pennsylvania 17070. 
Telephone: (717) 938-6711. 


aim BERG 
ELECTRONICS 





REG. US. PAT & TM. OFF 


CIRCLE 44 
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Designing electronic equipment that runs cool yet quiet requires more than 
choosing low-noise air movers. Aerodynamic design factors count. 





Design equipment 
to run silent, run cool 


Although forced-air cooling of electronic packages 
has become virtually universal, a problem remains . 
—unwanted sound in the operating equipment. The 
fans and blowers pushing air around inside the 
cabinets are major contributors, but choosing low- 
noise devices only partially solves the problem. Noise 
also depends on how effectively air is used for cooling 
—the better it moves, the less chance there is of 
aerodynamic energy dissipating itself in the form of 
sound (see box). 

As a result, designers must also concern them- 
selves with the efficiency and compactness of the | SS" Oo’) | ot 
cooling paths. At the board level, this means taking 1. Mount PC boards in vertical racks when possible so that 
care not only with the PC-board design but also with natural convection can contribute to heat dissipation. 
the method of attaching the boards to racks—these | 
factors contribute significantly to heat-transfer effi- 
ciency. At the system level, it means mounting the 
components to minimize the number of turns and 
obstructions in the air paths. 








Take the heat off components 


Effective conductive paths on PC boards can 
minimize heat-transfer requirements, allowing 
smaller air movers for overall system cooling. If 
possible, mount PC boards in vertical rather than 
horizontal racks so that natural convection can help 
remove heat generated by components (Fig. 1). Be 
aware of hot components, those requiring the highest 
heat-transfer rates. If a hot component is placed 989 —— 

a é } ; 2. Air-entry points low at the front of an electronic equipment 
mre y. fr om a direct air-flow path, air flow throughout cabinet and air-exit points high at the back minimize human 
the entire system must be increased. Thus, a larger _ exposure to fannoise. 
air mover will be required. 

At the system level, PC-board spacing in stacks 
should be large enough to minimize flow resistance 
—this will reduce the static pressure and allow the 





Carlos C. Chardon, Chief Engineer 
Information Systems Div. 

Torin Corp. 

Torrington, CT 06790 
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air-flow rate to be maintained. Too large a spacing 
allows air velocity across the components to drop, 
jeopardizing heat-transfer efficiency. Tradeoffs 
must be made to optimize the board spacing. 

In addition, air entry and exit points should be 
isolated from operators because these spots are often 
sources of unacceptable noise. Typical air-entry loca- 
tions are at the lower front or sides of the cabinet, 
with air-discharge points at the top sides or back 
(Fig. 2). Louvers and grilles should be selected for 
low pressure drops to allow a smooth air flow pattern 
through the system. Louvers over front-panel air 
inlets can serve as sound barriers. 

To decrease the acoustical output, use sound- 
absorbing material such as sheets of plastic foam 
to cover the air-moving components (Fig. 3 top). The 
sheets can also be applied to the interior surfaces 
of cabinets and ducts. But be careful—this material 
is a heat insulator, and will cause an ambient 
temperature rise in the cabinet. With insulation, a 
larger fan will be needed to maintain the maximum 
specified temperature. Moreover, foam material can 
increase the air-flow resistance of the system. If 
interior space is available, an expansion chamber 
(Fig. 3 bottom) can be used as a muffler to reduce 
transmitted noise. 

Once the equipment is configured to move air 
effectively, the next objective is to select an air mover 
that will run efficiently at the system’s specified 
operating point. 


Find the fan’s operating point 


The first design consideration is to determine the 
theoretical peak static efficiency of an air mover; the 
second, to determine whether the device actually 
operates at or near that peak. Theoretical peak static 
efficiency depends on two factors: the inherent 


e \/2 ACOUSTICAL FOAM SHEET 





3. Sheets of acoustic, plastic foam attached to the inside of 
fan air ducts absorb some of the high-frequency noise at the 
outlet (top). But an expansion chamber (bottom), serving as 
a muffler, reduces this noise. 
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Sound of air—not music 
to equipment users 


Noisy operation in electronic equipment stems 
from two different types of sound generated by air- 
moving components: aerodynamic and mechanical. 
Fortunately, air movers usually don’t suffer from 
many sources of noise—one or two at most. But while 
some sources are relatively easy to eliminate, others 
are very difficult. 

The main source of aerodynamic noise is air flow 
through the components of the air-moving device. 
This type of noise is characterized by discrete tones 
at several frequencies superimposed on a broad band 
of low-level sound (see the frequency scan of sound- 
pressure level). 

Another type of aerodynamic noise—discrete-fre- 
quency sound peaks—consists of periodic pulses 
created as the rotating fan blades pass near a 
stationary object. The fundamental frequency and 
harmonics of the pulses occur at multiples of the 
blade frequency. The frequency, f, of pure tones is 
found from 

: f = n (rpm/60), 
where n is either the number of points near the path 
of one blade or the number of blades passing one 
point. 


EXCESSIVE DIFFUSION-ANGLE 
CAUSES LOSSES 


RIGHT ANGLE BEND 
CAUSES HIGH LOSSES 










‘ EXCHANGER 


STRUCTURAL ELEMENT 
CAUSES TURBULENCE 


POOR FLOW PATH 


TOTAL DIFFUSION ANGLE 
IS 14 DEG OR LESS 


IMPROVED FLOW PATH 





Broadband-fan noise is generated by vortex pat- 
terns and eddies emanating from the leading or 
trailing edges of the rotating blades. Vortex flow and 
eddies change with the air-flow rate and static 
pressure at the fan’s operating point. There is a 
narrow range of operating points (combinations of 
air-flow rate and static pressure) where broadband 
noise is minimal, making fan operation more effi- 
cient. Good blade design minimizes the turbulence 
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of turbulence form at a sharp edge. Grilles, usually 
chosen for appearance, can be a source of pure tones. 
Even worse, grilles are often located at ear level, 
making noise more likely to be heard as it exits. 

Two or more fans can generate acoustic beats 
produced by pure tones only slightly different in 
frequency. For example, two fans with blade fre- 
quencies of 125 and 135 Hz can produce a beat pulse 
that is the difference frequency between the two: 





500 700 1000 2000 3000 5000 7000 


FREQUENCY, Hz 


due to flow vortices, which decreases broadband 
noise while maximizing peak static efficiency over 
a narrow range. : 

Flow noise along the air path occurs where the 
air velocity is unusually high, or where there are 
obstructions in the path. When high-velocity air hits 
a thin sheet-metal wall, the result is called duct 
noise. Typically, this is low-frequency noise, in the 
range of 150 to 300 Hz. Duct noise occurs usually 
at elbows or abrupt turns in the flow path. However, 
turns and elbows can also be used to advantage— 
they decrease duct noise by increasing total system 
absorption. — 

A duct system having a diffuser distributes the 
air patterns for more uniform flow, but it must be 
the proper type of diffuser. A poor diffuser (Fig. A) 
is actually a source of additional noise. A good 
diffuser (Fig. B) maximizes aerodynamic efficiency. 

On the mechanical side, problems are sometimes 
caused by natural obstructions that seem to belong 
in the flow system. Sharp-edged fan orifices can 
produce discrete frequency tones if small vortices 











10 Hz. However, noise of this type is neither aero- 
dynamic nor mechanical, and is not a major problem 
in cooling systems. 

The most common source of mechanical noise is 
the ball or sleeve bearings on the rotating compo- 
nents. Sleeve bearings are generally less noisy, and 
little can be done to change the mechanical tone. Like 
acoustical beats, bearing noise is not as severe as 
aerodynamic noise. 

Mechanical noise can also come from shaft reso- 
nance in the fan or blower, or from structural 
resonance in the cabinet or duct. When the rotational 
speed of a fan/motor assembly coincides with the 
natural frequency of shaft vibration, a resonant 
condition called critical-speed occurs. In itself, 
critical speed resonance is not a significant noise 
source, but it can induce other components to vi- 
brate, thus resulting in serious noise problems. 
Cabinets and ducts sometimes produce noise without 
the phenomenon of critical speed resonance simply 
by vibrating at the driving frequency of the fan’s 
rotation. 
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capacity of the fan and the specific characteristics 
of the particular model, including the shape of the 
impeller blades, housing or orifice. 
Static efficiency (Fig. 4) is a function of specific 
speed (N.), which is given by 
N, = NVQ/P, (38/4) 
where N is the fan’s rotational speed in rpm, 
Q is the air-flow rate in cubic ft/min., 
P. is the static pressure in inches of water. 
As shown in Fig. 5, a cooling fan’s operating point 
is defined by a combination of static pressure, air- 
flow rate and fan speed where the system-resistance 
curve intersects a fan’s performance curve. As a 
point on the system-resistance curve, the operating 
point represents the amount of static pressure 
needed to overcome the system resistance and main- 
tain the required air-flow rate. As a point on the fan 


performance curve, the operating point represents 5. The operating point of an air mover should fall into the 
the static pressure and air-flow ratethata particular __ range ofits highest static efficiencies. 
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4. Static efficiency vs specific speed is shown in this curve for the many types of air movers 
commonly used in electronic equipment. 
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fan produces when rotating at speed N. Equilibrium 
is reached at the operating point—where the two 
curves intersect. 

Fig. 4 also shows that a fan runs at or near peak 
static efficiency for a wide range of air-flow rates. 
To operate over this range, select an air mover by 

1. Calculating the required N, using values of air- 
flow rate and static pressure measured on a pro- 
totype in a heat-transfer test. Speed can be estimated 
according to the type of motor to be used with the 
air mover. 

2. Determining, from Fig. 4, the type of air mover 
that will operate at or near peak static efficiency at 
the calculated value of N.. 

Since Fig. 4 contains the characteristics of many 
different fans and blowers, a designer should know 
the pros and cons of each type. 


A fan for any application 


Axial fans (curves E, F and G in Fig. 4) generally 
are most efficient at high specific speeds—relatively 
high air-flow rate and low static pressure. On the 
other hand, centrifugal blowers (curves A, B and C) 
operate most efficiently at low specific speeds. 

For electronic-component cooling, tube-axial or 
propeller fans are the most widely used because of 
the low-pressure conditions found in electronic 
equipment (curves F and G). Tube-axial fans such 
as the modular 5-in. square unit in Fig. 6a are 
designed for rack mounting in electronic and com- 
puter systems. The integral motor is either a shaded- 
pole (8000 rpm typically) or a permanent split- 
capacitor (3450 rpm) type. While vane-axial units 
(curve E) have higher peak static efficiencies, they 
are more expensive and tend to be noisier because 
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6. A tube-axial fan (left) is constructed to fit standard electronic racks. Air-moving performance and cost 
are higher for tube-axial types than for propeller fans (right). 
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of their stationary flow-straightening vanes. A pro- 
peller fan such as the one in Fig. 6b is less expensive 
than a tube-axial, but it is also less efficient. 

In the high-pressure cooling systems of mini and 
microcomputers, the tightly packed components pro- 
duce higher heat loads and higher system resistance 
than in other electronics packages. The lower specific 
speeds of centrifugal blowers make them more effi- 
cient than fans in these applications. Moreover, 
backward-curved wheel units have higher peak static 
efficiency than forward-curved blowers (Fig. 4). 
While backward-curved designs find their way into 
critical low-noise applications, sometimes forward- 
curved units produce a quieter system. This is 
because the higher-pressure capability of the latter 
allows for lower operating speed and lower noise. 

To help designers select a fan, manufacturers 
provide static-pressure-vs-air-flow curves such as 
those of Fig. 7. With a given air flow of, say, 80 cu 


ft/min., note that the graph offers three different 


Torin fans: a standard unit (TA500), a low-noise fan 
(TA5008S) and a high-performance unit (TA500-PSC). 
Air flow in the PSC type is about 17% greater than 
the standard unit, while the low-noise fan provides 
superior noise characteristics by operating at a 
reduced speed. 


Sound ratings—what they mean 


Speaking of noise characteristics, evaluating the 
sound performance of new equipment or debugging 
noisy prototypes involves not only accurate mea- 
surement of sound quality, magnitude and distribu- 
tion—but “meaningful” ratings as well. In other 
words, fan and electronic-equipment manufacturers 
must use the same ratings and measure the sound 
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performance of air movers in the same way. 

All sound is measured in two fundamental ways: 
sound-pressure level (SPL) and sound-power level 
(PWL). SPL, specified in dB referred to 20 micro- 
pascals, is measured directly with a sound-level 
meter. PWL, given in dB referred to 1 pW, can be 
calculated from SPL when testing is performed in 
a well-defined environment. : 

Sound-performance ratings based on PWL are 
preferred because they represent more accurately 
the behavior of asound source regardless of measure- 
ment conditions. SPL varies at different points 
surrounding the source, so the spatial location of the 
measurement point must be specified. PWL, on the 
other hand, stands for the total acoustic power of 
a source, regardless of the point of measurement. 

Both SPL and PWL can be measured within 
various frequency ranges: broadband (from 50 Hz 
to 10 kHz), limited-band (full octave or one-third 


7. Performance curves like these for a family of tube-axial 
fans help the designer choose a model that delivers atleast 
the required air-flow rate and static pressure. 
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8. The complexity and variety of sound measurement make 
an automated sound-analysis system an important aid for 
both measurement and computation. 


octave) or narrow-band (a few cycles). In addition, 
broadband SPL and PWL measurements can be 
weighted by passing the signal through the widely 
used bandpass networks: A-scale, B-scale and C- 
scale. A-weighting most closely approximates the 
human-ear response by deemphasizing low-frequen- 
cy sound (up to 500 Hz) and concentrating instead 
on the frequency range, 500 Hz to 10 kHz. 

Sound characteristics can be measured in a semi- 
anechoic chamber that contains both reflective and 
sound-absorbent walls, thus combining the charac- 
teristics of reverberant and anechoic rooms. In such 
a chamber, PWL is calculated from six SPL measure- 
ments made on an imaginary sphere centered on the 
sound source. The formula for computing PWL must 
take into account the particular features of the sound 
chamber. 

To analyze sound, to collect meaningful data and 
to calculate in various sound-rating units, use an 
automated sound-analysis system (Fig. 8), which 
improves the accuracy of computing and generating 
final reports. Once the sound is recorded on magnetic 
tape in analog and digital formats, the analysis 
system can present the data for evaluation in a 
number of ways. Fig. 9 is a multiple-bar chart 
showing a full set of one-third-octave PWLs. 

Two other sound-rating systems—noise criteria 
(NC) and perferred noise criteria (PNC)—were orig- 
inally devised to define acceptable background noise 
in various environmental surroundings. NC data, 
shown in the curve of Fig. 10, are a plot of maximum 
SPLs in eight octave bands. Curves NC-20 through 
NC-70 each represent a different type of environ- 
ment: NC-30, for example, is an acceptable limit for 
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10. Noise-criteria (NC) data are provided ona graph in which 
each curve is a plot of the maximum acceptable sound 
pressure level (SPL) in the eight octave bands. 
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9. In this bar chart of sound power levels (PWLs) at one-third octave-band center frequencies, the dark 
bars show fan operation at zero static pressure, while the light bars show the system operating point. 


motion-picture theaters, while NC-20 applies to con- 
cert halls. Note that the rising slope of all the curves 
at low frequency represents the human ear’s reduced 
response to low-frequency sound. 

PNC ratings are similar to NC ratings except that 
they reflect a customer’s particular specifications. 
Basically, then, they are updated NC ratings with 
slight adjustments to level values. 

Other measurement units coming into vogue, espe- 
cially for the sound characteristics of cooling fans, 
are noise power-emission level (NPEL) and preferred 
sound interference level (PSIL). NPEL, given in units 
of bels, is defined as one-tenth of the A-weighted 
sound power level over the full sound spectrum. 


PSIL, measured in dB, was developed to account 
for the degree to which noise interferes with speech 
—in work locations where speech is necessary. Since 
nearly all speech information falls in the 200 to 6000- 
Hz frequency range, the greater the SPLs in this 
range, the greater their speech-masking effect. PSIL 
is represented by a single figure—the average of 
three SPLs in octave bands centered on frequencies 
of 500, 1000 and 2000 Hz. As with NC ratings, it is 
possible to show maximum allowable PSIL numbers 
that provide acceptable noise levels in different types 
of operating environments.O 


How useful? 


Immediate design application 


Within the next year 
Not applicable 
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The Portable 90OSeries. 
3%2Digit Multimeters 
Capacitance Meter 
Temperature Meter 


If you think every hand held unit in our 
900 Series delivers the performance, 
ease of operation, accuracy and 
dependability that comes with a high 
price tag...you’re right. Except for one 
thing—the high price tag. 

We designed and built our 900 Series to 
deliver performance above and beyond 
price. That’s Data Precision 
performance. 


Whether your needs call for a bench or 
field instrument, you can fill your 
voltage, current, resistance, capacitance 
or temperature measurement needs 
with one of our 900 Series units. 


FOR DEMONSTRATION CIRCLE 45 








3'/2 Digit Multimeters... 
Model 936: $169. 

Model 935: $149. 

These hand held portable 31/2 digit 
multimeters deliver 29 ranges and full 
function capability, 0.1% basic accuracy, 
protection up to 6kV spikes, easy push 
button operation, and hi/lo ohms 
excitation. But listen closely...there is 
one difference between them. The 
Model 936 features audible continuity 
beep and overvoltage alarm. Both these 
units are tough enough for the field and 
have the accuracy you need for most 
bench applications. 


Capacitance Meter...Model 938: $169. 
This 31/2 digit 0.1% accuracy capacitance 
meter features measurement ranges 
0.1pF to 2000 2 F, immediate direct 
reading, push button selectability, 
exceptional accuracy and easy 
operation. The 938 will outperform all 
other capacitance meters, DC time 
constant meters, and even bridges 
costing 2 to 5 times as much! 


Prices USA 





Just what you expect from Data Precision. 


Temperature Meter...Model 940: $189. 
All the bench and field accuracy you 
need is built into this lightweight, one 
hand operational unit. It reads -60° to 
150°C or -85° to 302°F, delivers 0.1° 
resolution below 200° and comes with a 
detachable 6” semiconductor probe with 
4’ cable. It maintains 0.4°C or 0.7°F 
accuracy and has an extremely short 
settling time for rapid reading. 


Every 900 unit will perform for up to 200 
hours on a standard 9V transistor 
battery. 


Performance beyond price? We’re 
totally convinced that our 900 Series will 
give you just that. That’s why we fully 
warranty every 900 unit for two years. 
They’re that good. 


Now...convince yourself. 
For immediate delivery, demonstration, 


or further information, contact your 
local Data Precision distributor or call: 


(800) 343-8150 
(800) 892-0528 in Massachusetts 


DATA PRECISION 


: A DIVISION OF ANALOGIC CORPORATION 
Data Precision Corporation, A Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923 (617) 246-1600, TELEX (0650) 921819. 


FOR FURTHER INFORMATION CIRCLE 46 
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le analog level detectors. 


From Texas Instruments. 


Our line of monolithic analog level de- 
tectors is designed to meet all your 
cost/performance goals. 

Each is unique. Because it combines 
a large number of components on a sin- 
gle chip — and sells for a fraction of the 
individual component cost. 


Design flexibility 

Now designers have more flexibility for 
a wider variety of applications. 

Applications such as warning signal 
indicators, analog-to-digital converters, 
feedback regulators, industrial con- 
trols, audio level indicators — even 
light intensity and frequency detection. 


Two degrees of resolution 
TI analog level detectors are available 
as five and ten step detectors in both 


linear and logarithmic scale formats. 
For applications requiring greater reso- 
lution than 10 levels, the 10-step linear 
detectors can be cascaded to detect up 
to 80 levels. 


Display Price* 
Device input Steps Type 100Pecs. 
TL489 Linear 5 LED $0.65 
1L487 Logarithmic 5 LED 0.65 
TL490 Linear 10 LED 1.08 
TL480 Logarithmic 10 LED 1.20 
TL491 Linear 10 VF 122 
TL481 Logarithmic 10 VF 1.30 


Commercial temperature (0°C to 70°C) operating 
range versions in plastic dual-in-line packages. 


"U.S. prices, subject to change without notice 





Both open-collector and open-emitter 
output options are offered to yield an 
extremely versatile family of products 
capable of being custom-tailored to 
specific applications, using significantly 
less power than discrete versions. 

Analog level detectors from Texas 
Instruments. A simple, cost-effective 
solution to all your level-sensing 
applications. Send for brochure CL- 
410A for complete details. 


For more information 

call your nearest author- 

ized TI distributor, or 

write Texas Instruments 

Incorporated, P.O. Box 

225012, M/S 308, Dallas, | 
Texas 75265. 


Fifty Years 


ty, Gib. 
Innovation 
Oo 









TEXAS INSTRUMENTS 
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Go to the big design centers of 
Western Europe and you’ll find 
Electronic Design actively used in 
the major technical project 
decisions. That’s because Electronic 
Design has the most essential 
editorial package of any electronics 
publication for today’s engineer and 
engineering manager plus the all 
important OEM engineering and 
engineering management circulation 
to back it: 


Circulation & Market Coverage 


© 16,192 subscribers in Western 
Europe—the largest of any 
electronics publication 

@ Largest design engineering 
community in the world 

® Total international circulation 
approaching 20,000 subscribers 

® Worldwide market coverage over 
112,000 

@ Pass-along projecting circulation 
to more than five times audited 
circulation—85,000 in Western 
Europe 


Electronic Design circulation 
in some principal design centers 
of Western Europe 


England 3,674 
France 1,849 


West Germany 3,110 
Italy 1,844 
Netherlands 872 


Sweden 1,232 


































Contact your Electronic Design 
representative 


For Rates and Dates-call, write, twx: 


UNITED KINGDOM, SCANDINAVIA 
Constance McKinley 

50 Essex St., Rochelle Park, NJ 07662 
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The key influences for evaluating, 
specifying and approving purchase 
of electronic components, 
equipment and systems, Electronic 
Design’s 104,612 qualified 
subscribers are 100% engineers, 
engineering and corporate 
managers. 


Editorial—the most sought-after 
of any electronics publication 


The most imminent and accurate 
technology forecasts and 
introductions throughout the 
year—more than any worldwide 
publication. 

@ 43 special staff-written reports 
® 156 design engineering articles 
@ 138 new product features on the 
latest developments 

@ Largest full-time staff of 
professional technical editors 
Electronic Design provides the 
editorial coverage that makes a 
competitive difference to the design 
community. 


Electronic Design International 


The new International Section serves 
as a forum for European Product 
Introductions as well as Products for 
International Marketing outside 

the U.S. 

@ published 26 times a year in all 
copies distributed outside the U.S. 

@ international circulation of 

20,000, including Western 

Europe’s largest circulation of 
16,192... with pass-along 





projecting total international 
circulation to 85,000. 

® Quarterly Technology Reports 
covering such international 
technology as: Instruments, 
Analog Circuits, Digital LSI, 
Communications, Components, 
Microcomputers, Peripherals, 
Packaging, Microsystems, 
Memories 


Readership 


Your advertising goals aremost 
compatible with Electronic Design’s 
readability and high readership: 
Voted the best read & most helpful in 
nearly 90% of all readership studies 
independently conducted over 

our advertisers’ customer and 
prospect lists. 


Results 


Instant phone and reader inquiries 
throughout the world. That’s why 
Electronic Design generates more 
inquiries than any other electronics 
publication... more than 1% 
million! 


With specs like these, a lot of our 
advertisers have had to learn to 
translate “Sales” into many 
languages. 


ElectronicDesign 
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A thin-film resistor network 
stretches ADC performance 


A precision resistor string, a switch and an op amp 
develop a 10-bit analog-to-digital converter (ADC) 


from an 8-bit ADC (National Semiconductor’s ADC - 


0801). The 10-bit resolution is possible because the 
resistor string (single thin-film network) takes ad- 
vantage of the 8-bit ADC’s differential input. 

The thin-film network divides the analog input 
voltage range into four spans, each equal to Vppp/4. 
The LF356 op amp buffers the lower portion of the 
network to provide half the reduced span voltage to 
the Vppr/2 input (pin 9) of the ADC 0801. Thus, each 
of the four spans attains 8-bit resolution. 

The switch selects the offset voltage for each span 
and applies it to the V,,(—) input. (The switching 
function could be microprocessor controlled using a 
uP output port and an analog multiplexer. The 
microprocessor would search for the 2 most-signifi- 
cant bits over the four spans and would add them 
to the 8 least-significant bits from the ADC output 
—to achieve 10-bit resolution.) 

The reduction of the analog span creates a need 
for accurate and stable voltage inputs. For the four 
spans of 1.25 V each, a 1 LSB error is equivalent 
to 5 mV at the analog input and 2.5 mV at the 
Veer /2 input. 

Here is where the characteristics of the thin-film 
resistor network make the application work. The 
standard network contains many resistors with iden- 
tical values, but resistance available can be varied 
by changing the way the elements are connected 
(parallel and/or serial). The precise tolerance, 
matching and temperature tracking of the thin-film 
network are retained, regardless of the user’s ex- 
ternal circuit configurations. 

Under worst-case conditions the thin-film network 
will contribute 2/3 LSB of error (max). With typical 


performance, the network will contribute less than 
1/2 LSB, and the error with temperature change (25 


- to 70 C) will be just 0.211 mV, or less than 1/10 LSB. 


The Very supply voltage accuracy will also contrib- 
ute to the total error. 

With a $2 thin-film network, an $8 ADC and a 
$2 op amp and switch, a 10-bit ADC with +1 to +1.5 
LSB accuracy can be built for about $12. 

Stephen T. Ford, Product Manager, Network Prod- 
ucts Operations, Beckman Instruments, Inc., 2500 
Harbor Blvd., Fullerton, CA 92634. CIRCLE 311 





Aninexpensive thin-film resistor network gets 10-bit 
performance from an 8-bit ADC. For simplicity, amanual 
switch (SW1) is included for selecting each of four network- 
derived offset voltages. This switching function easily adapts 
to microprocessor control. 





Eliminate overrange ‘hangover’ 


in autozeroed ADCs 


In DVMs, DMMs and data aquisition systems, the 
autozeroed dual-slope analog-to-digital converters 
(ADCs) for digital readouts can produce inaccurate 
readings (hangover) immediately after input signal 
overloads. But the problem is eliminated by adding 
two ICs and a few discrete components to the ADC 


circuit. The components zero the ADC’s integrator 
output at the beginning of each autozero cycle. 
Multiplexed systems are especially degraded by 
hangover. An overload on just one channel disturbs 
the reading accuracy of data samples taken on 
several succeeding channels. The residual voltage on 


\ 


Electronic Design e June 21, 1980 129 





IdeasForDesign 





4-1/2 DIGIT LCD DISPLAY 


ee 
a i ga 


28 SEGMENTS D1-D4 





5Vo 







ORIGINAL 
CIRCUIT 







ICM7211A 


2,3,4 






OPTIONAL 
CAPACITOR 









—})}-~o 5V 
22-100pF 
a 
die ie 
age 
N16 
TIMING 
RESISTOR 
5V 
4.7k 





AUTO-ZERO 
CAPACITOR 


> | ADJUST TO 
Fo, *!2OkHz 


1d] = 
I 


> ® 
ma 
zi 


12) 

O ICM7556 fi] 10-15k 
10) 
9 | 


1 





7 tSV MODIFICATION 
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1. ANALOG GND 


1. By zeroing the integrator output at the beginning of each auto-zero cycle, this circuit 
prevents input voltage overloads from affecting the analog-to-digital converter’s short-term 
accuracy. Hangover (visible in the LCD) resulting from settling time is eliminated. 
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the ADC integrator is transferred, as a transient, 
to the autozero system. The autozero system must 
resettle before accuracy is restored. The process can 
take up to ten conversion cycles, the worst case 
occuring when the full-scale buffer and integrator 
swings are equal. 

For example, the Intersil ICL8052/1CL71C03 pre- 
cision 44-digit ADC (chip pair) is subject to hangover 
after exposure to certain input overloads. The prob- 
lem is corrected by modifying the autozero connec- 
tion with a ICL 8053 switch and half of a ICM7556 
dual timer (Fig. 1). 

Now the comparator output (ICL71C03 AZOUT) con- 
nects to an inverting input on the buffer during the 
first part of the original autozero cycle (phase 1) 
and to the 1.0 uwF autozero capacitor during the 
remainder of the cycle (Fig. 2). Half of the ICM7556 
timer controls the timing cycle; the other half forms 
the clock oscillator. The ICL8053 functions as a 
single-pole double-throw switch and was chosen over 
more conventional switching schemes because of its 
lower charge-injection into the autozero capacitor. 

A good approximate setting for the zero integrator 
time is between one-third and one-half of the min- 
imum autozero time. If an “optimum” adjustment 
is required, an oscilloscope can examine the inte- 
grator output under worst-case overload conditions. 
The output of the delay timer should stay low until 
after the integrator has returned to its starting point 
(Fig. 2). 

Under nonoverload conditions, a small “zero inte- 
grator” phase is desirable, but the full cycle time is 
not required. A P-channel MOSFET placed across 
the 300-kQ timing resistor reduces the time constant 
when overrange does not occur. Alternatively, a 
three-diode network can be used, or a two-input OR 
gate. 

Also, the ICM7556 timer introduces a delay from 
the beginning of the conversion interval until the zero 
integrator phase is enabled. This delay should not 





exceed the input integrate time. (When the circuit 
is modified, this factor should be checked.) 
Zeroing the integrator output at the beginning of 
each autozero cycle is also an advantage with the 
ICL8052/1CL7104 16-bit binary chip set. However, 
the timing must be derived from the STATUS output. 


Peter Bradshaw, Analog Applications Manager, 
Intersil, Inc., 10670 N. Tantau, Cupertino, CA 95014. 
CIRCLE 312 
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2. Circuit modifications to eliminate hangover effectively split 
phase | of the ADC’s timing diagram into two sections. Now 
the azout pin connects to an inverting input on the buffer (zero 
integrator time) before it connects to the auto-zero capacitor. 
Switching is handled by the ICL8053. 





ROM-resident software 
self-tests microcomputers 


A self-test program that resides in ROM within 
a 68000-based microcomputer supersedes logic 
analyzers, automated circuit testers, complex test 
procedures and experienced technicians, for produc- 
tion testing and diagnosis of hardware failures. This 
self-verification routine can also function as an in- 





house systems test. Status indicators on the front 
panel give the customer feedback should the system 
fail in the field. 

A typical 68000 system contains a processor, sys- 
tem RAM, debug or boot ROM and the terminal and 
printer I/O. A programmable timer and the self-test 
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ROM must be added. The self-test ROM should be 
located logically as close to the MPU chip as possible, 
so a minimum amount of support circuitry connects 
the MPU to the ROM. This circuitry, known as the 
“kernel,” should be isolated from the rest of the 
system by buffers whenever possible, to prevent 
faults that could interfere with the self-test. Logic 
is also necessary within the kernel to provide I/O 
between the MPU and a front panel. 

Prior to the self-test, the entire kernel is assumed 


Hae 


/ 


_ a 
i 


if 
ae | i 
_ 





. . 


ne 


The self-test program flow first verifies that the 68000 
processor chip is operational. While running, the test program 
should not output any extraneous data to the terminal or 
printer (this would only confuse the operator). 
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to be functional—the 68000 processor, the self-test 
ROM, the minimum support logic and the front panel 
logic. The self-test program first verifies that this 
assumption is correct and then branches out beyond 
the kernel to test the remainder of the system (see 
figure). The seven self-tests include MPU 
register/ALU verification, self-test ROM _ veri- 
fication, system RAM test, system ROM test, termi- 
nal ACIA test, printer PIA test and PTM test. 

The MPU register/ALU test verifies the operation 
of the 68000 processor and each of the internal 
registers. The test also checks out the ALU and the 
carry, negative, zero and overflow flags. All this is 
accomplished by arithmetic operations and transfers 
of data to and from the address and data registers. 

In testing the registers, each bit location must be 
checked to make sure it can store both low and high 
states and that it is unique with respect to every 
other bit in every other register. By setting a register 
to all ZEROs and marching in a field of ONEs or setting 
a register to all ONES and marching in a field of 
ZEROs, the program tests each bit location within the 
register. Since adjacent memory cells are most likely 
to affect each other, complementary data are stored 
in registers that are adjacent on the die. For example, 
on the 68000 chip, all the odd-numbered registers 
must have the same data and all the even numbered 
registers must have complementary data. 

A few arithmetic operations test the carry, 
negative, zero and overflow flags. Loading a register 
with $00000001 resets all the flags. Adding 
$FFFFFFFF to this register sets the carry and zero 
flags. Subtracting $80000000 from the result sets all 
of the flags (with the exception of the zero flag). Thus, 
all flags have been set both high and low, and the 
processor has proved it can perform addition and 
subtraction. 

The self-test ROM verification calculates a check- 
sum on the ROM contents to show that the kernel 
is operational, that the MPU can read all locations 
in ROM and that the ROM contains valid data. 
Specifically, the 68000 executes a routine that per- 
forms a 16-bit addition on the entire contents of the 
ROM. It then checks the accumulated result against 
a known value. 

The RAM test initializes and tests all of memory. 
It is executed out of ROM and easily tests 256 kbits 
of RAM within a few seconds. First, it performs a 
march test that initializes the entire memory and 
verifies that all of the addresses are unique. Second, 
it performs a walking-bit test on several locations 
in memory, ensuring that all of the data lines are 
independent of each other. 

The march test first stores ZEROs in each location 
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in RAM. Then, starting at the bottom of RAM, it 


reads the location and writes the complement until | 


the entire memory contains ONEs in every location. 
It then starts at the top of memory, reads the location 
and writes the complement, proceeding until the 
entire memory has been cleared to ZERO. If at any 
time, the data within a location do not compare to 
what the test wrote, the test exits immediately. The 
address of any faulty location(s) should be stored in 
an address register, along with the data written into 
RAM and the data read back. 

If the march test is successful, then the walking- 
bit test is initiated. The walking-bit test walks aZERO 
in a field of ONEs and a ONE in a feld of ZEROs through 
several locations in memory, always comparing data 
immediately after they are written. A miscompare 
generates fault information similar to that from the 
march test. 

The walking-bit test is performed on the first 
location in memory and at 1-kbit intervals to ensure 
that all the data buffers and at least one location 
in each RAM has passed (performing a walking-bit 
test on every location in RAM would significantly 
lengthen the test, while the gain in fault diagnostics 
quality would be minimal). 

Most address and data failures can be detected by 
the combined RAM tests, provided the memory is 
configured with 1-bit wide RAM components. Much 
more complicated testing is required for 4-bit or 8- 
bit wide RAMs. 

The debug or boot ROM test is similar to the self- 
test ROM verification, in which a checksum is 
calculated on the entire ROM. If the system contains 
several ROMs, then a checksum must be calculated 


Winner for March 1, 1980 
“Divide Symmetrical Clock Pulses By Odd Num- 
bers, Get a Symmetrical Output’ 


Lawrence E. Getgen, Senior Staff Engineer 
GTE Lenkurt Inc. 
1105 County Rd., San Carlos, CA 94070. 
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on each to detect faults and (if any are found) 
generate diagnostic information. 

The ACIA test merely reads the ACIA status 
register. It also checks that no extraneous data are 
transmitted to the CRT terminal. Here, the processor 
first resets the ACIA by storing a $03 in the control 
register; it then reads the status register. It makes 
sure the ACIA senses the clock input (DCD status 
bit set high) and the terminal (CTS status bit set 
high). 

The PIA and the PTM tests are similar, in that 
both perform a walking-bit test on their respective 
data registers. Since no extraneous data can be 
transmitted to the peripherals, the walking-bit test 
is performed only on the data registers and not on 
the control registers. In this way, none of the control 
signals or interrupt bits are set on the I/O chips. 

In testing the PIA, the walking-bit test is per- 
formed on data direction registers and peripheral 
registers. If the PIA is connected to a line printer, 
extraneous data will not be outputted on the printer, 
provided the control register is set not to toggle any 
control lines leading to the printer. Inputs must be 
masked unless they can be changed by an associated 
output. 

In testing the PTM, the walking-bit test is per- 
formed on all three counter latches. The control 
register setup must prevent the PTM from decre- 
menting any of these counters. 


Stephen Strom, Electrical Engineer, Motorola Inc., 
Microsystems Div., P.O. Box 20906, Phoenix, AZ 
85036. 
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Send us your ideas for Design. 

Submit a description of an important new circuit 
idea or design technique exclusively to 
ELECTRONIC DESIGN. You will receive $20 for each 
published idea, $30 more if your idea is voted best- 
of-issue by our readers. Best-of-issue winners 
become eligible for the annual award of $1000. 





ere’s an inexpensive way to give your existing ratings found in our standard rocker switch line. 
roducts a face lift. Actuators can be hot-stamped, illuminated or 


Our new snap-in pushbuttons fit stan- color-coded to meet every need. 

ard rocker switch mounting holes. And For more information, contact your 
they're available now, so you can use Cutler-Hammer salesman or switch dis- 
them to enhance your panel design tributor. Or write for our new catalog of 


without costly restamping or re-cutting commercial switches. Eaton Corpora- 
of the face panel. tion, Commercial Controls Division, 
These new pushbuttons are available 4201 N. 27th St, Milwaukee, WI 53216. 


with all the circuits, terminations and 











Snap our new Cutler-Hammer 


pushbutton into your plans. 
The switch Is easy. 
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Brand-Rex has developed a tough, new ranges, microwave ovens, smaller appli- | Electronic and Industrial Cable 
insulation compound called Polyrad—an ances and automotive applications Division, Willimantic, CT 06226. 
irradiated polyethylene specially suited § (Polyrad HT 125°C and Polyrad 150°C): Or call 203/423-7771. 


for high-temperature hook-up or lead and for locomotive and rapid transit 
wire applications. wiring (Polyrad XT 110°C), BRAND-REX 
Out of this has come a Polyrad line __ Polyrad is part of a growing line of ELECTRONIC AND INDUSTRIAL CABLE DIVISION 
of cross-linked polyethylene wires with irradiated wire and cable products now Brand-Rex Company Divisions 
temperature ratings of 90°C, 110°C, 125°C available from Brand-Rex, one of the lead- Abbott &Co, een ie eee 
and 150°C, and voltage ratings ranging ing producers of cross-| inked products. Electronic & Industrial Cable Division: wire and cable 
from 300 to 2,000 volts. For more detailed information, send peru Maturecwang Coppany poppe tre 
. . yle-National Company: electrical connectors 
These wires serve as primaries in for the new Brand-Rex brochu res on Talabeceetinledtiana Gabis Ghusicn-anis and cable 
Process control and switchboard cables _ Polyrad 125°C, Polyrad 150°C or Hook-Up __Teltronics, inc.: telecommunications products 


(Polyrad 90°C); for internal wiring of Wire. Write to Brand-Rex Company, BRAND-REX COMPANY, A PART OF AKZONG INC. 


POLYRAD' LEAD WIRE KEEPS 
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Electronic Design 
is pleased to announce: 





If you use ICs, this conference provides an unusual 
opportunity to hear new devices announced 
and to learn about the latest techniques for designing with 
them. Each talk is presented by an applications 
engineer at a major manufacturer of integrated circuits. 
Each registrant receives a package of IC 
application literature including an in-depth proceedings. 











LOS ANGELES 
June 16-20, 1980 


NEWTON, MA 
July 21-25, 1980 





All speakers at this conference are from 
IC manufacturers. Their talks introduce 
new ICs and describe application 
techniques that can help speed the 
acceptance of these products into the 
programs and plans of IC users. In 
covering how new ICs change existing 
system design concepts, the talks 
convey the very latest IC application 
philosophies to conference attendees. 


The conference attendees will: 

e Hear exciting new ICs described for 
the first time. 

e Receive a library of literature and 
materials including an in-depth 
proceedings, applications manuals, 
and data loose-leaf books. 

e Meet speakers and fellow attendees 
at two cocktail receptions (Tuesday 
and Wednesday). 

e Participate in practical demon- 
strations of prototype systems, 
development stations, IC support 
tools, and microcomputer boards. 


Registration fee includes the pro- 
ceedings and other related materials, in 
addition to lunch each day, coffee, 
danish, and soft drinks. Each day’s 
program starts at 8:30 A.M. and ends at 
4:30 P.M. Hotel acccmmodations are 
available for out-of-town registrants. 


Conference Sites: 

June 16-20: Culver City Ramada Inn 
(near L.A. International Airport) 

July 21-25: Newton Holiday Inn (on 
Route 128 near Massachusetts 
Turnpike) 

For hotel overnight accommodations, 
Call: 

Culver City Ramada Inn: 213-670-3200 
Newton Holiday Inn: 617-969-5300 


Na ed eS aia 
MONDAY/LINEAR | 


Three New Linear Families. New video 
SOS a/d flash converters, CA3179 
1.3-GHz prescaler, divide-by-4 prescaler 
and precision BIMOS op amps are intro- 
duced. Hal Wittlinger, RCA, Somerville, 
N.J. 


ICL7650 Glitchless Chopper-Stabilized 
Amplifier. Offers low offset voltage and 
exceptionally low input bias current ata 
very attractive price. Skip Osgood, In- 
tersil, Cupertino, CA. 


Am6300 Power-Supply-Control Sub- 
system. Computer-controlled, power- 
supply controller for sophisticated 
power-supply systems. Brian Gillings, 
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Advanced Micro Devices, Sunnyvale, 
CA. 


National’s New Developments. A look 
at new low-power references, high- 
power regulators, and precision op 
amps coming from National Semi- 
conductor. 


DG211 4-Channel Switch. Fits a variety 
of low-cost applications. Jerry Mandel, 
Tom Cate. Siliconix, Santa Clara, CA. 


CMOS Voltage Regulators, References 
and Voltage Detectors. Micropower 
devices covered include two-terminal 
voltage references, positive and 
negative programmable regulators and 
over-and-under voltage detectors. Jerry 
Zis, Intersil, Cupertino, CA. 


New Voltage/Frequency Converter 
Techniques. New techniques lead to 
18-bit a/d conversion with 1 ppm/°C 
gain stability. A 1.3-V (single-cell) sup- 
ply circuit is also discussed. Bob Pease, 
National Semiconductor, Santa Clara, 
CA. 


Analog/Digital LSI Design With I?L Gate 
Arrays. A cost-effective approach. Bill 
O’Neil, Exar, Sunnyvale, CA. 


RM4200 Analog Multiplier. Applica- 
tions for a precision monolithic 
multiplier/divider are covered. Jim 
Schmoock, Raytheon Semiconductor, 
Mountain View, CA. 


TUESDAY/LINEAR II 


The HI5900 and HI5712: A Complete 
Microprocessor-Compatible System. 
An analog signal-processing front end 
and a 12-bit a/d converter form a high- 
speed, high-performance data-acquisi- 
tion system. Al Morton and Rich 
Antalik, Harris Semiconductor, Mel- 
bourne, FL. 


New Texas Instruments’ Op Amps and 
Interface Circuits. Discusses single- 
supply, n-channel, FET-input op amps, 
comparators, new EIA RS-422 line 
circuits and 3-A peripheral drivers. 
Dale Pippenger, Texas Instruments, 
Dallas, TX. 


BUF-03: Industry’s Fastest Voltage- 
Follower Amplifier. Boasts a 300-V/us 
slew rate and 55-MHz bandwidth. Two 
applications are described. With an 
OP-16, it forms a current booster 


capable of driving heavy capacitive 
loads; with a 500-pF holding capacitor, 
it functions as a fast sample-and-hold 
amplifier. Shelby Givens, Precision 
Monolithics, Santa Clara, CA. 


9708 8-Bit, 6-Channel A/D Converter and 
9706 12-Bit 8-Channel D/A Converter. 
Use in microprocessor-based control 
systems described. John Conover, 
Fairchild Semiconductor, Mountain 
View, CA. 


OP-220 Dual Micro-Power Op Amp. In- 
dustry’s first low-power, high-precision 
dual op amp. Lowest input offset 
voltage, lowest bias current over 
temperature, and lowest input-offset- 
voltage temperature coefficient of any 
dual amplifier. CMVR includes ground 
which makes this device ideal for light, 
compact battery-operated instrumenta- 
tion. Tom Schwartz, Precision Mono- 
lithics, Santa Clara, CA. 


Microprocessor-Compatible Conver- 
sion ICs. Discussion of new a/d and d/a 
converters and sample-and-hold 
amplifiers. Steve Sockolov and Phil 
Marcoux. Signetics, Sunnyvale, CA. 


New Motorola Industrial ICs. Describes 
IC drive system for stepper motors. 
Speakers to be announced. Motorola, 
Phoenix, AZ. 


Monolithic ICs for FSK Modem Design. 
A two-chip FSK modem design. Joel 
Silverman, Exar, Sunnyvale, CA. 


Power Interface Circuits. Introduces 
UDN-2949Z bipolar half-bridge motor 
driver and UCN-4202A stepper mo- 
tor translator/driver. Paul Emerald, 
Sprague, Worcester, MA. 


CR ee eS se 
WEDNESDAY/MICROPROCESSORS | 


Microcomputers From Intel in the 
1980s. Integrating software into silicon; 
simplifying the interface to the user. 
Dane Elliot, Intel, Santa Clara, CA. 


Introduction to Signal-Processor ICs. 
Features, architecture and instruction 
set described. Bob Holm, Intel, Santa 
Clara, CA. 


The Intel 2920 Signal Processor. A 
discussion of 2920 applications. Bob 
Holm, Intel, Santa Clara, CA. 


Microcontrollers: System-Designed 





Microcomputers. New signal pro- 
cessors and microprocessors. Dick 
Barck, American Microsystems, Cuper- 
tino, CA. Santa Clara, CA. 


The S68045 CRT controller. Reduces 
CRT system cost design. Frank Toth, 
American Microsystems, Santa Clara, 
CA. 


Motorola’s New Family of CMOS 
Microprocessors. Five new CMOS ICs 
with a/d converter, RAM, ROM and 
EPROM on the chips. Jim Farrell, 
Motorola, Austin, TX. 


Fast Error Detection and Correction for 
Memory Systems. Use of AM2960 16-bit 
EDC IC is described. John Mick, Ad- 
vanced Micro Devices, Sunnyvale, CA. 


MB1412A 8-bit-slice ECC IC. Use of 
error-checking-and-correction chip 
described. Alan Heimlich, Fujitsu 
Microelectronics, Sunnyvale, CA. 
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The NS16000 Family: Support for Soft- 
ware Modularity. NS16000 architecture 
eliminates the need to modify machine 
code. Linking process illustrated. Brian 
Marley, National Semiconductor, Santa 
Clara, CA. 


Software Solutions for Board Applica- 
tions. The software exists to design 
your.next microprocessor-based board 
product. Joanne Pearson, Intel, Santa 
Clara, CA. 


Transparent Addressing Resolves 
Memory Contention in Terminal Ap- 
plication. SY6545 allows addressing of 
screen-refresh memory transparent to 
processor to improve overall design ef- 
ficiency. Conrad Boisvert, Synertek, 
Santa Clara, CA. 


Mask-Programmable Low-Power- 
Schottky Gate Array. Shrinking sys- 
tem design. Cliff Vaughan, Raytheon 
Semiconductor, Mountain View, CA. 


2653 Polynomial Generator Checker. 
Performs block/check character and 
parity generation, checking, single- 
character detection and two-character 
sequence detection. Alex Goldberger, 
Signetics, Sunnyvale, CA. 


Bipolar Arithmetic Devices Support 
New MOS Microprocessor. Multiplier/ 
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divider enhances performance of other- 
wise slow MOS microprocessor. 
Shlomo Waser, Monolithic Memories, 
Sunnyvale, CA. 


NE5560 Switched-Mode Power-Supply 
Control Circuit. For flyoack forward 
or double forward (push-pull) outputs, 
provides all control interfacing need- 
ed. Norm Matzen, Signetics, Sunny- 
vale, CA. 


Leadless Carrier Memory Arrays. 
Describes applications techniques. 
Charles Hochstedler and Jeff Wilkin- 
son, Harris Semiconductor, Melbourne, 
Pa. 
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FRIDAY/MICROPROCESSOR III 


Single-Chip Fairchild Microcomputers. 
Describes applications for currently 
available F3870 devices and explores 
the use of tomorrow’s multiple- 
function-on-a chip ICs. Jim Lang, Fair- 
child Semiconductor, So. San Jose, CA. 


NSC800 In Low-Power Systems. Uses 
new high-density CMOS process called 
P2CMOS. An 8-bit CPU and support- 
ing components are covered. Keith 
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Winter, National Semiconductor, Santa 
Clara, CA. 


Design and Use of Mostek PROM Pro- 
gramming Unit. Applies MK3873 single- 
chip microcomputer. Don Folkes, 
Mostek, Carrollton, TX. 


The CONCEPT-48 Development Tool. 
Single-board system for 80C48 family. 
Gopal Ramachandran, Intersil, Cuper- 
tino, CA. 


Z80 As a Versatile Communications 
Device. Z80 FIO as used in BiSync, 
HDLC, and SDLC communications 
protocols. James Booth, Mostek, 
Carrollton, TX. 


PALs Replace Random Logic in 
Microprocessor Designs. Use of PAL 
series 20 to replace 7400 series MSI/LSI 
devices in microprocessor applica- 
tions. Saeed Kahmi, Monolithic 
Memories, Sunnyvale, CA. 


NS16000 Supports Virtual Memory. Vir- 
tual memory, a mainframe concept in 
the past, is applicable to microproces- 
sor-based designs thanks to the 16000 
microprocessor. Su Bhash Dal, Na- 
tional Semiconductor, Santa Clara, CA. 
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PRICE. 


DDC had to combine 

monolithic and hybrid 

technology to make 

the HSDC-8915 Mono- 

brid possible. Net result is the ideal S/D converter 
for applications where small size, low power and 
high MTBF are critical. 

DDC uses two custom-designed monolithic chips 
together with 4 ICs in a single 36-pin double-width 
dual in-line hybrid package. Although half the size 
of other hybrids, the 8915 offers full-size ac- 
Curacy to + 2.6 minutes, with half the power 
consumption of conventional designs. And it 
accepts broadband inputs of 360 to 1,000 Hz, 


or 47 to 1,000 Hz. 
Unique to DDC’s 
8915 is 3-state output 
in 2 bytes—8-bit and 
6-bit—with a transparent latch that allows continu- 
ous tracking even when an inhibit command is 
applied. Full compatibility with DTL/TTL/CMOS 
levels affords flexibility for all interface configura- 
tions. And a MIL-STD-883 rating assures optimum 
performance under the harshest environmental 
conditions. 
The HSDC-8915 Series Monobrid con- 
verter: two technologies in one small pack- 
age. Call or write for the full story. 


ILC DATA DEVICE CORPORATION 


EXECUTIVE OFFICES: ILC Data Device Corporation, Dept. G-1, 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567-5600, TWX: 510-228-7324 

LOS ANGELES: ILC Data Device Corporation, Dept. G-1, 7337 Greenbush Avenue, No. Hollywood, CA 91605, (213) 982-6454, TWX: 910-499-2674 
-LONDON: DDC United Kingdom Ltd., Dept. G-1, 128 High Street, Hungerford, Berkshire, RG17 ODL. England 04886-2141/2142, TLX: 851-848826 
PARIS: DDC Electronique, Dept. G-1, 4 Rue de I'Abreuvoir, 92400 Courbevoie, France, (1) 333-5888, TLX: 842-630609 
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Spectrum and network analyzers, counters, signal sources and power 
meters place new-found intelligence and more sophisticated circuits at 


the convenience of users. 





Focus on microwave and rf instruments: 
High-quality readings come easy 


One trend dominates the technology for all active 
rf and microwave instrumentation—the incorpora- 
tion of microprocessors or, more broadly speaking, 
semiconductor intelligence. Smart spectrum 
analyzers can carry laboratory quality and capability 
into the field. Network analyzers gain an otherwise 
expensive ticket to board the IREE-488 bus. Micro- 
wave and rf counters also add on capabilities as they 
add on microprocessors; for example, the instru- 
ments can automatically and directly measure the 
frequency of pulse-modulated microwave signals. 
Signal sources are easier to use and have easier 
access to the IEEE-488 bus. Power meters attain an 
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Jonah McLeod, Instruments Editor 


analytical power that, in some ways, rivals the power 
of network analyzers—but for many dollars less. 

The microprocessor has added convenience to spec- 
trum analyzers while improving the quality of read- 
ings. The analyzer’s main function is to measure the 
absolute and relative characteristics—both frequen- 
cy and amplitude—of an unknown signal. To mea- 
sure relative frequency and amplitude, the operator 
can read the values shown on the instrument, read 
a digital value or (in the case of amplitude) read a 
graticule level, and then perform a subtraction. 
Many errors can occur in the process, including 
misreading the graticule levels, faulty interpreta- 
tions or incorrect subtraction. All these problems are 
solved with the aid of a microprocessor. 





A microprocessor-assisted phase-locked loop inthe Tektronix Model 492 gives assurance that the spectrum 


pres Pers ut 


analyzer will remain on frequency. The local oscillator inthe $18,000 instrument covers the frequency range ~ 


from 1 to 6 GHz. 
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Because Boonton’s rf wattmeter accepts a second input 
channel, it can display either one of two inputs or their 
instantaneous difference, expressed in dB. Thus, the 
operator gets two power meters in one unit. 





Microprocessor drive in the Bird 4381 power meter makes 

ita snap to measure incident and reflected power and display 
values directly in watts or dBm. However, its real impact on 
power measurementis to improve overall accuracy and 
repeatability. 
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After the operator “marks” the two signals that 
must be compared in frequency and amplitude, the 
microprocessor does the rest, up to and including the 
subtraction. Hence readings are easier to make, more 
accurate and completely consistent, regardless of 
how many operators make the same reading. 

Analyzers with microprocessor conveniences cur- 
rently include the Hewlett-Packard (Palo Alto, CA) 
22-GHz 8566A, costing $49,000, and the Tektronix 
(Beaverton, OR) 21-GHz Model 492 (ELECTRONIC 
DESIGN, Jan. 4, 1980, p. 34), which sells for around 
$18,000. In both products, the microprocessor also 
plays a role in the instruments’ phase-locked loops. 
In the Tektronix implementation, the microprocessor 
monitors the error-correction voltage that acts as 
feedback in the loop. When the uP detects the voltage 
level rising to a maximum, it indicates that the 
oscillator is about to break lock, and it automatically 
retunes the oscillator toward the correct frequency. 
As the frequency approaches the correct value, the 
phase-locked loop reduces the error voltage accord- 
ingly. 

A similar capability is found on the Hewlett- 
Packard unit, in a feature called “sweep and lock.” 
In addition to preventing loop drift, the micro- 
processor checks for excessive oscillator drift in the 
unit’s synthesized front end, during each sweep of 
the CRT display. Then, during the retrace interval, 
the microprocessor moves the oscillator back by the 
amount of detected drift. 

Besides these subtle improvements, the micro- 
processor in the HP unit takes credit for a bevy of 
other operator conveniences: automatically finding 
the highest amplitude signal in a spectrum, saving 
the instrument’s control-setting configuration for 
later automatic reconfiguration, and computation. 
The microprocessor can process so much data, the 
operator may never again need to do mental or 
physical arithmetic. 


Oscillator widens input frequency range of analyzer 


While microprocessors have improved the spec- 
trum analyzer considerably, the front end and mixer 
circuits have also contributed technological ad- 
vances. One innovation is in local-oscillator circuits. 
Most analyzers use a conventional 1 to 4-GHz circuit; 
however, the Hewlett-Packard and Tektronix units 
use a wide 1 to 6-GHz design. Foremost among the 
advantages of the 1 to 6-GHz oscillator is that an 
analyzer can handle a wider input frequency range. 

Most analyzers use a harmonic mixing technique, 
in which the incoming signal is heterodyned with a 
harmonic of the local oscillator signal, rather than 
the fundamental frequency. Consequenty, in the 
narrower 1 to 4-GHz design, the mixing of a 40-GHz 
signal requires a distant oscillator harmonic that is 


apt to be low level, relatively unstable and inac- 
curate. The broader, 1 to 6-GHz signal can do its job 
with a harmonic at a much lower frequency. This 
harmonic is apt to have a higher signal level, relative- 
ly more stability and more accuracy as well. 

In the past, analyzer engineers were kept from 
adapting the wide-range oscillator by a design riddle: 
By what means could they tell if the in-range 
fundamental frequency were the true signal or the 
second harmonic? For example, the second harmonic 
of 2 GHz is 4 GHz, a fundamental frequency which 
also falls in range. How both HP and Tek got around 
the problem is their secret, but Morris Engleson, 
Tek’s Marketing Manager for frequency-domain in- 
struments, says that the instrument “simply ig- 
nores” harmonics in the fundamental range—an 
understatement to say the least. 

Although the Tektronix unit brings laboratory 
accuracy into the field, the Hewlett-Packard 8566A 
laboratory instrument takes precedence in this in- 
stance by virtue of three specifications. The first of 
these is frequency accuracy, a startling 0.2%—the 
HP instrument exhibits errors of a few kilohertz 
where other analyzers show megahertz errors. 

The second specification is 3-dB_ resolution 


bandwidth—a narrow 10 Hz. The closest rival to the 
8566A is the Tektronix unit at 50 Hz. The third 
specification is sensitivity, which is better than —134 
dBm over a non-preselected range of 1.0 MHz to 7.5 
GHz. Again, the Tek unit comes close, with better 
than —125 dBm. 


Before Hewlett-Packard’s 5356C frequency-converter head | 
became available for its 5345A counter, the upper limit for 
pulse-modulated frequency counting was 18-GHz. Now, 40 
GHz is easily achieved. 








In one specification, however, the older HP unit 
falls behind the newer Tek instrument—total fre- 
quency range. The Tek analyzer is fully calibrated 
for 60-GHz operation using Tek’s own mixer option, 
and 220 GHz using mixers from other suppliers. By 
comparison, the HP unit, at present, stops at 22 GHz. 

The spectrum analyzers of other companies bring 
their own competitive weapons into the field. From 
Ailtech Electronic Instruments (Ronkonkoma, NY), 
a division of Eaton Corp., comes the 757, which 
introduces internal frequency and amplitude calibra- 
tion, based on an integral 100-MHz comb generator. 
In exact 100-MHz multiples over the entire 22-GHz 
range, the generator provides calibration signals to 
ensure the instrument is correctly calibrated at all 
times. A front-panel indicator lets the operator know 
if the unit is incorrectly calibrated. 

A second improvement incorporated onto the 
latest version of the 757 is an arithmetic capability 
that normalizes a measurement to the actual test 
setup in use. All mismatch errors are prevented. The 
757 also features digital storage, for a flicker-free 
display: complete readout of analyzer control set- 
tings on the CRT screen; and 100-dB on-screen 
dynamic range. 

In the Polarad (Lake Success, NY) 600 series of 
spectrum analyzers, three technological improve- 
ments are in evidence. In the A version of the 
analyzer family, a balanced input mixer in the front 
end has advanced sensitivity to —120 dBm, with a 
noise floor equal to or less than —126 dBm. The entire 





Related to the network analyzer, the Weinschel Engineering 
VM-4A attenuator and signal-generator calibration (shown 
sitting on a tracking local oscillator) impresses with an 
insertion loss that exceeds 100 dB. 
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family can analyze frequencies in the range from 10 
MHz to 18 GHz; an external waveguide mixer lets 
the units reach the 40-GHz high end. A sensitive, 
broadband 10-MHz to 18-GHz stripline input mixer 
is standard in all models. Response flatness is +1.5 
dB from 10 MHz to 1.8 GHz, and +2 dB from 1.8 
to 2 GHz. 

Marconi Electronics Inc. (Northvale, NJ) has a 
basic 110-MHz spectrum analyzer, the TF 2370, 
which can be extended to 1.25 GHz via the TK 2373 
plug-in. Both instruments boast a 100-dB dynamic 
range, resolution of 0.1 dB, using a 5-Hz filter, and 
200-Hz scan width. A second, more recent product 
is the TF 2371, which retains all the features of the 
TF 2370, but extends the frequency range to 200 MHz. 

Other new units come from Texscan Corp. (Indian- 
apolis, IN) which offers the AL-51A, and from 
Takeda Riken Industry Co., Ltd. (Tokyo, Japan), 
which offers the 1-GHz TR-4132/4132N models. 


Scalar network analyzers show better return loss 


Spectrum analyzers share the limelight with yP- 
controlled network analyzers, both scalar and 
vector/scalar models. In the scalar variety, new 
technology encompasses full IKEE-488 capability 
(made possible by the uP), integral detectors that 
extend the analyzer’s range to 34 GHz—with signifi- 
cantly better flatness and return loss—and direc- 
tional couplers with greatly improved directivity 
over a broad 10-MHz to 18-GHz range. 

Scalar network analyzers measure only the magni- 
tude of the signal under test. Here, the key parame- 
ters are the detector’s frequency response range, its 
response flatness over the range and the return loss 
it produces in the signal being measured. Previously, 
the best range possible on scalar analyzers was 10 
MHz to 26.5 GHz. The response flatness was 0.5 dB 
from 10 MHz to 18 GHz and 1 to 1.5 dB up to the 
top. The best return loss was 20 dB to 4 GHz, falling 
to 10 dB at 18 GHz. 

All of these limits have now changed. The Wiltron 
(Mountain View, CA) 560 network analyzer has 
extended the response range to 34 GHz; its detector 
provides a flatness of +1/2 dB to 18 GHz, and +2-1/2 
dB to 34 GHz. Return loss is 22 dB to 8 GHz and 
17 dB beyond. 

For measuring insertion and return loss, the 
network analyzer needs a microwave bridge. Tech- 
nology advances have extended the limit of directivi- 
ty (that is, the ratio of signal levels reflected and 
incident waves) in microwave bridges. Before, the 
limit of directivity was about 38 dB over a narrow 
range from just below 100 MHz to slightly above 1 
GHz. It fell to just under 26 dB up to 18 GHz. On 
the Wiltron 97 Series Autotester, the directivity 
remains at its high 40-dB level over the entire range 
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Alone among frequency-synthesizers, Micro-Tel’s FS-1000 
offers 100-Hz resolution—two orders of magnitude better than 
that from most units. Its removeable rf assembly operates 

in remote locations. 





The Wiltron 560 scalar network analyzer extends the upper 
limit of network analysis to 34 GHz and offers arecord 
22-dB return loss. The unit was the first of its kind to go on 
the IEEE-488 bus. 


from 10 MHz to 18 GHz. 

At its introduction, the Wiltron product was the 
only one available with IEEE-488 capability. Now, 
Pacific Measurements has announced this feature in 
the D-14 option to their Model 1038 instrument. 

Semiconductor electronics implement the full 
IEEE-488 bus specifications for both talker and 
listener. These systems are suited for production 
lines, for which scalar network analyzers have long 
had a variety of applications. 


Vector/scalar analyzers take phase measurements 


Vector/scalar instruments cost more than twice 
as much as the scalar units but can take phase 
measurements in addition to magnitude. Because of 
this added power, the vector/scalar instrument is 
found in development applications. 

Hewlett-Packard manufactures the HP8409B au- 
tomatic network analyzer, a completely automated 
network analysis system. The system is a collection 
of individual instruments controlled by a desk-top 
computer. The computer gives readings with 
metrology-lab quality by performing a 12-term 


error-correction algorithm and completes readings 
in minutes instead of hours. The 8409B, at about 
$80,000, is half the cost of the previous generation 
minicomputer-based system. 

The HP8754, recently announced, is an individual 
analyzer with integral source, receiver and display. 
It has many of the performance features found on 
an older network analyzer, the 8505, but at $11,500, 
is about a third of the cost. The user gets an 80-dB 
dynamic range (100-dB range in the older product), 
polar coordinate display capability and a broad 
frequency range up to 2.6 GHz. 

What the user fails to get is the older product’s 
ability to measure the amount of linear phase devia- 
tion a signal experienced and to measure group delay 
directly, i.e., to determine the amount of phase shift 
experienced by a small group of frequencies within 
a larger band. 

Singularly absent from all of these network 
analyzer instruments (both scalar only and 
vector/scalar) is the microprocessor. Discrete logic 
has taken its place, in the case of the Wiltron unit, 
and a completely separate computer serves the 
Hewlett-Packard system. Most instrument makers 
are now introducing units that were in design one 
or two years ago, when the right microprocessor was 
either not available or not a viable design alternative. 

A related product does have a microprocessor: the 
Weinschel Engineering VM-4A attenuator and signal 
generator calibrator. Operating over a range of 0.01 
to 18 GHz, the instrument can be used to measure 
insertion loss in excess of 100 dB and can optionally 
make phase measurements with a 0.1° resolution. 
Controlled by a PACE microprocessor (soon to be 
changed to an 8080), the instrument has full 
talker/listener capability on the IEEE-488 bus. 

Microprocessors have made greater inroads into 
microwave counters than into network analyzers. 
Even so, other technological enhancements are hav- 
ing more impact than microprocessors on counters. 
The 545/548 microwave counters from EIP Micro- 
wave, Inc. (San Jose, CA) integrate a hybrid front- 
end with mixer, YIG filter and comb generator. The 
YIG filter, which steps in 100-MHz steps and has 
a 20-MHz bandpass, provides burnout protection for 
incoming signals up to 5 W. The front end has a 
frequency-hunt function which can discriminate a 
10-dB difference in incoming signals and select the 
higher signal. The front end as a whole provides —30 
dBm of sensitivity for signals up to 12.5 GHz, slightly 
more than the —25 dBm heretofore possible. Finally, 
in concert with the counter’s microprocessor, the new 
front end speeds up measurements, giving a reading 
with 1-Hz resolution in 1 second. 

Though this instrument brings new technology to 
the field, it is not alone. Hewlett-Packard has the 


5345A counter, its associated 53855A automatic fre- 
quency converter and the newly announced 5356C 
frequency converter head. The instruments are also 
microprocessor-based and have other similarities 
with the EIP counters. The HP counter can adjust 
its gate to fit pulsewidths as narrow as 60 ns. Like 
the EIP product, the HP offering can perform 
automatic amplitude discrimination to select the 
highest amplitude signal in a complex spectrum. 
Furthermore, it also achieves 1-Hz resolution in a 
1-second measurement time. 

Both EIP and HP counters have IKEE-488 in- 
terfaces and options to extend the input frequency 
range from the previous 26.5-GHz limit up to 40 GHz 
for CW measurement. HP obtains pulsed rf and CW 
microwave counting functions through the 55560 
plug-in for the 5345A mainframe. The 55560 extends 
the counter’s frequency range for pulse-modulated 
microwave counting, from 18 GHz to 40 GHz. 

The EIP Model 451 microwave pulse counter was 
the first to count the frequency within a pulse 
modulated microwave signal but it handles a max- 
imum frequency of just 18 GHz. Another area of 
difference between HP and EIP counters is in the 
options offered. For example, the EIP product has 
a power measurement option which provides 0.1dBm 
resolution over the range from 1 to 18 GHz (optional- 
ly to 26.5 GHz). 

Two other companies with microwave counters are 
EH international (Oakland, CA) and Systron-Donner 





EIP’s 545/548 microwave counters offer burn-out protection 
of up to 5 W, provide a frequency-hunt capability which can 
discriminate a 10-dB difference between incoming signals, 
and provide alow, 30-dB sensitivity. 
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Corp (Concord, CA). From EH comes the Model 992 
Microwave Universal Counter, which operates up to 
26 GHz (optionally to 40 GHz) in a CW counting 
mode. It offers a sensitivity of —30 dBm and 2-ns 
resolution single shot, 20-ps resolution average. 
Systron-Donner’s 6054 Microwave Series also op- 
erates to 26 GHz in CW counting mode, has a —30- 
dBm sensitivity and a 30-dB dynamic range. Like 
the HP and EIP units, the counter has 1-Hz resolu- 
tion in 1 second of measurement time. Both the 
Systron and EH counters are microprocessor con- 
trolled and offer IEEE-488 capability as an option. 


Smart chips handle sweep operations 


The acceptance of the microprocessor in the coun- 
ter is equalled by its acceptance in the signal gener- 
ator. Manufacturers of synthesized frequency 
sources make heavy use of smart chips in main- 
taining frequency accuracy, in handling difficult 
sweeping operations and in interfacing the IEEE-488 
bus. 

Other semiconductor electronics have a special 
place in signal generators. At the very high end of 
the microwave frequency spectrum, beyond 40 GHz, 
progress centers around the first full-band solid- 
state millimeter-wave sweep generator. The wide 
band in the millimeter-wave range is owed to the 
Hughes (Torrance, CA) Model 4772XH full-band 


_ — 


The Narda Model 7000 is the first ‘‘microwave multimeter.”’ 
Its microprocessor takes over time-consuming computations 
and performs internal calibrations to ensure instrument 
accuracy. 
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sweep generator. In this product, three IMPATT 
sources produce a bandwidth up to 110 GHz using 
the HP8620C mainframe. In the past, millimeter- 
wave generators had a problem with nonlinear power 
output; as frequency rose, so did the output power. 
In the 4772, attenuation is automatically added in 
the output path to offset the power increases that 
occur with increasing frequency. Because of this 
added capability, the user can fully automate 
millimeter-wave testing under computer control, a 
feat heretofore impossible. 

Solid-state has occasioned another technology 
coup in the signal generator product: the decline 
of the klystron tube in one of the last strongholds 
of vacuum tube technology. Wavetek (San Diego, CA) 
builds a strong case for solid-state by comparing its 
Model 907 to the Hewlett-Packard HP620B, and 
established klystron-driven signal generator. Gener- 
ally, solid-state units operate 10,000 hours, long 
outlasting klystron (100 hours). Specifically, 
Wavetek notes that modern radar requires a signal 
generator with an on/off ratio of at least 80 dB, rise 
and fall times of 40 ns on modulating pulse edges 
and a minimum pulse width of 200 ns. Two of these 
three specifications go in favor of the solid-state unit. 

The 907 possesses a 12 to 25-ns rise and fall time, 
compared with rise and fall times exceeding 50 ns 
for the tube oscillator. Moreover, the minimum pulse 
width of the 950 is 200 ns. The tube has a 500-ns 
minimum, but this can be decreased using an ex- 
ternal pulse generator. The klystron has the advan- 
tage in its on/off ratio, which is infinite. The solid- 
state unit offers the minimum 80 dB required. 

Another comparison between the two units meas- 
ures the amount of distortion in power output over 
each instrument's maximum range of frequency 
deviation. The solid-state unit provides a more con- 
stant level of output power than the klystron. 

The solid-state unit also outperformed the 
klystron in frequency pulling during pulse operation 
and as a result of attenuation applied to the 
generator’s output. Using a 7-GHz frequency, each 
unit was pulsed with a 50-Hz square wave. The 
output frequency from each generator was sampled 
at a 500-us rate to determine the frequency drift 
within the output pulse. The solid-state unit showed 
little frquency pulling (50 kHz), but the klystron unit 
drifted 500 kHz. A similar result accompanied 
changes in each generator’s output attenuator. 

While this comparison shows the solid-state design 
besting the klystron in several areas, some words 
of caution are in order. The solid-state unit uses a 
YIG-tuned Gunn diode oscillator. One of the 
criticisms leveled at this circuit by klystron propo- 
nents is that it has an inherent drift problem because 
of magnetic field dissipation. However, from the 








Hewlett-Packard’s 8566A spectrum analyzer boasts a0.2% 
measurement uncertainity, a 3-dB resolution bandwidth of 10 
Hz, and a134-dBm sensitivity over a nonpreselected 1.0-MHz 
to 2.5-GHz range. 


specifications cited for the solid-state 907, this prob- 
lem has been addressed in the design. 

Klystron proponents also point out that attenua- 
tion in a solid-state design is typically accomplished 
using series pin-diode attenuators in the output. 
Because the pin devices are made of semiconductor 
material, their output accuracy is affected by time 
and temperature. The specifications for the 907 seem 
to confirm this problem: The klystron-driven gener- 
ator has a +2-dB accuracy over the range —7 to —127 
dBm, but the solid-state unit has just +6-dB ac- 
curacy over the range —80 to —127 dBm. 

Another supplier of klystron-driven signal gener- 
ators is Polarad. Its product offering, the Model 
1107E/BE/C/CE, borrows heavily from solid-state 
technology—the bulk of the instrument is solid state 
—while maintaining its tie to proven vacuum-tube 
technology. The unit’s oscillator is a reflex klystron 
in an external coaxial resonant cavity. The product 
features low noise sidebands, high spectral purity 
and stability, a dynamic range exceeding 130 dB, and 
a very high pulse and square wave on-off ratio. 

Two classes of related products are the signal 
source and high-power signal generator. Marconi 
Instruments Ltd. (Northvale, NJ) produces the 6150 
Series AM-FM signal sources. Like the Wavetek 
generator, this product is all solid-state. Its active 
rf element is a YIG Gunn oscillator. All its AM 
functions are performed by a pin modulator fitted 
to the signal source. It controls the instrument’s 
output level over a 20-dB dynamic range and can 
apply AM either from the instrument’s internal 1- 
kHz squarewave modulation circuit or from an 
externally supplied AM source. The instrument 
spans a frequency range of 8 to 15 GHz and puts 





out 20 mW of power typically. 

High-power signal generators include the Cober 
Electronics, Inc. (Stamford, CT) Model 1326 and the 
MCL/Inc (La Grange, IL) Model 15222. The former 
puts out 500 W CW and 1.8 kW pulsed, using air 
or liquid-cooled magnetrons over a frequency range 
of 8350 MHz to 10.475 GHz. Operating at a lower 100- 
W power level, the 15222 spans a 10 to 2.5-GHz 
frequency range, using a series of oscillator plug-in 
units that mate with an all solid-state mainframe. 

Signal generators in the rf band have been quicker 
to embrace the microprocessor than their microwave 
cousins. Prime examples are the new Hewlett-Pack- 
ard 8656, the company’s older 8662A and the Ailtech 
(Ronkonkoma, NY) Model 460 and 380. 

One of the key attributes of the HP8656 is its 
microprocessor. Functionally, the unit serves as a 
lower performance, lower cost version of the 
company’s high-performance 8662. The newer prod- 
uct, which goes for $6250, is less than a third the 
cost of the older unit and has an array of operator 
features that make it extremely well suited for 
production-line testing. 

For example, frequency, AM or FM modulation 
and output power are keyed in directly in the units 
desired, e.g., MHz, dBm, dBf (for broadcast stereo 
applications) or EMF. For the production-line ap- 
plication, the instrument can store and recall up to 
ten front panel setups (five test setups) each of which 
can be recalled by pushing two buttons or depressing 
a foot pedal. 

Specifications for the unit include sideband phase 
noise at 225 MHz of —122 dBc/Hz with a 20-kHz 
offset. Output from the instrument exhibits harmon- 
ics less than —25 dBc, and nonharmonic spurious 
output is less than —60 dBc. Output level ranges from 
+13 dBm to —127 dBm with +1.5 dB accuracy and 
+0.1 dB resolution. 

The Ailtech 460 and 380 signal generators are both 
microprocessor-based. The 460 is the newer of the 
two; it operates over a lower frequency range, 0.3 
to 650 MHz (optionally to 1.3 GHz). The 380 goes up 
to 2 GHz (optionally to 4 GHz). The 460 shows high 
spectral purity, accuracy of +1 X 10-8 over 24 hours 
and an output level of +20 to —140dBm in 1-dB steps. 

The 380 features low noise with spurious signals, 
less than —100 dBc at 80 MHz and less than —74 
dBe at 2 GHz with a broadband noise floor of less 
than —130 dBc. The unit also has a switching time 
of less than 20 us, and a microprocessor that per- 
forms digital sweeping, store recall and many other 
front-panel operator functions. 

Wavetek’s entry in this field is the Model 3010 
which goes to 1 GHz in output frequency, offers 100- 
Hz resolution, 0.001% accuracy, 13-dBm output, an 
output power range of +13 to —137 dBm with a 
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Microwave, rf instruments 


flatness of +0.75 dBm, and a flexible modulation 
capability. The instrument can provide complex, or 
simultaneous, modulation: AM on FM, FM on PM 
or AM on AM. 

The Systron-Donner Model 1702 offers: specifica- 
tions similar to those of the Wavetek 3010. With 100- 
Hz resolution, the unit has an output power range 
of +13 to —127 dBm with a flatness of +] dB. An 
IEEE-488 interface capability is optional. 

Signal sources and generators have still another 
relative in the frequency synthesizer, which has 
made extensive use of the microprocessor. Micro-Tel 
Corp. (Baltimore, MD) has its FS-1000 frequency 
synthesizers, Watkins-Johnson (Palo Alto, CA) has 
the UJ1250A unit, and Hewlett-Packard has the 
HP8672A. The microprocessors on these instruments 
program the unit with a stop frequency, a band of 
frequencies that must be stopped and the length of 
the stop at each frequency in the band. On the 
Watkins-Johnson and Micro-Tel units, the micro- 
processer is controlled from the front panel; the HP 
unit handles the task via the IEEE-488 bus. 

The Micro-Tel unit offers an optional 100-Hz 
resolution with 10-kHz standard. HP’s product has 
a standard 1 to 3-kHz resolution over the frequency 
range and the Watkins-Johnson instrument comes 
in with 100-kHz resolution. The typical frequency 
range for microwave synthesizers stops at 18 GHz; 
however, options can extend the range to 40 GHz. 
Switching times are typically over 40 ms, but the 
HP unit switches in 15 ms. 

Finally, the ubiquitous microprocessor has bur- 


rowed into the microwave power meter. The uP- 
based power meter provides measurement values 
that the operator previously had to derive himself. 
Measurement values like incident and reflected 
power are displayed in watts or dBm. Voltage stand- 
ing wave ratio (VSWR), return loss, reflection coeffi- 
cient, insertion loss and gain are all available at the 
press of a button. 

More subtle features made possible by the micro- 
processor appear on the Bird Electronics Corp. 
(Cleveland, OH) Model 4381. The microprocessor 
senses the nonlinearity of the instrument’s own 
power measuring head. It interpolates, via a software 
lookup table, to linearize the head—a time-consum- 
ing task previously done by the operator. Thus, the 
instrument not only makes the operator’s task easier, 
it also makes his readings more accurate and re- 
peatable. 

The instrument measures peak envelope power, 
operates on a battery, displays changes in power level 
using greater-than and less-than symbols in the 
display and will soon have an IEEE-488 interface for 
data logging functions. 

Narda Microwave Corp. (Plainview, NY) furnishes 
several notable features in its Model 7000, which is 
both a power meter and the first microwave multi- 
meter. The microprocessor inside adds accuracy to 
the instrument by automatically linearizing the 
oscillator. The instrument is versatile, too. For 
example, simply adding a high directivity bridge (for 
under $5000) creates an accurate unit for scalar 
network analysis in field, laboratory or production 





Wavetek’s Model 907 signal generator uses a YIG-tuned Gunn-diode oscillator instead of the conventional klystron 
tube. Some of its features are not possible with the older technology—like a 12 to 25-ns rise and fall time in the 
pulse mode, compared with 50 ns for the tube. 
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applications. 


The Boonton Electronics (Parsippany, NJ) Model © 


4200 accepts a second input channel and displays 
either one of the two inputs or their instantaneous 
difference expressed in dB. Thus, the operator gets 
two power meters in one package that can directly 
measure both insertion loss and reflection coeffi- 
cients. The 4200 automatically zeros itself, has an 
autoranging standard and calibrates itself against 
its own 50-MHz power reference. As options, it 
interfaces to IEEE-488 and has battery operation. 

Another supplier of digital power meters is Pacific 
Measurements, Inc. (1036 and 1037 power meters). 
Related products include the newly announced 
Ballantine Laboratories, Inc. (Boonton, NJ) pro- 
grammable rf millivoltmeter, the 1.2-GHz model 
3440A.0 





Need more information? 


For more information on microwave and rf in- 
strumentation, readers may consult manufacturers 
listed here by circling the appropriate numbers on the 
reader-service card. Space limitations prevent listing 
more vendors, but ELECTRONIC DESIGN’s GOLD 
BOOK provides a comprehensive breakdown by type 
for both domestic and foreign manufacturers. 


Ailtech, 2070 Fifth Ave., Ronkonkoma, NY 11779. we! 588-3600. 


CIRCLE 451 

Ballantine Laboratories, Inc., P.O. Box 97, Boonton, NJ 07005. eels ac 
52 

Bird Electronic Corp., 30303 Aurora Rd., Cleveland, OH 44139. (216) 248-1200. 
CIRCLE 453 

Boonton Electronics Corp., Rte. 287 at Smith Rd., Parsippany, NJ 07054. (201) 
887-5110. CIRCLE 454 
Cober Electronics, Inc., 7 Gleason Ave., Stamford, CT 06902. are 327-0003. 
CIRCLE 455 

E-H International Inc., 7303 Edgewater Dr., Oakland, CA 94621. (415) 638-5656. 
CIRCLE 456 

Hewlett-Packard, 1501 Page Mill Rd., Palo Alto, CA 94304. ve 857- Bee 
57 

Hughes Aircraft Co., Electron Dynamics Div., 3100 W. Lomita rs fscor 
CA 90509. (213) 534-2121, CIRCLE 458 
Marconi Instruments, 100 Stonehurst Crt., Northvale, NJ 07647. (201) 767-7250. 
CIRCLE 459 

Marconi Instruments, Ltd., St. Albans, Hertfordshire, England, AL4 OJN. (0727) 
59292. CIRCLE 460 


MCL/Inc., 10 N. Beach, La Grange, IL 50525. (312) 354-4350. CIRCLE 461 
Micro-Tel Corp., 6310 Blair Hill Lane, Baltimore, MD 21209. (301) 823-6227. 
t 


CIRCLE 462 

The Narda Microwave Corp., Plainview, NY 11803. (516) 349-9600. 

CIRCLE 463 

Pacific Measurement Inc., 488 Tasman Dr., Sunnyvale, CA 94086. (408) 

734-5780. CIRCLE 464 

Polarad Electronics, Inc., 5 Delaware Dr., Lake Success, NY 11042. (516) 
328-1100. CIRCLE 465 
Systron-Donner Corp., 1 Systron Dr., Concord, CA 94518. ew 676-5000. 
CIRCLE 466 

Takeda Riken ae Co., Ltd., 1-32-1 Asahi-Cho, Nermia-ku, Tokyo, 176, 

Japan. 930-4111 CIRCLE 467 
Tektronix, Inc., P. O. Box 1700, Beaverton, OR 97075. On, 644-0161. 
RCLE 468 

Texascan oo 2446 N. Shadeland Ave., Indianapolis, IN tad (317) 
357-318 CIRCLE 469 
Wavetek, af First Ave., P.O. Box 190, Beech Grove, IN 46107. (317) idee Seok 
47 

Wavetek/San Diego, 9045 Balboa Ave., San Diego, CA 92123. ie Claae fag db 
471 

Watkins-Johnson, 3333 Hillview Ave., Stanford Industrial Park, ih Alto, CA 
94304. (415) 493-4141. CIRCLE 472 


Weinschel Engineering, Gaithersburg, MD 20760. (301) Jose 2. 


Wiltron, 825 E. Middlefield Rd., Mountain View, CA 94043. «9 969-6500. 
RCLE 474 — 
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INTERKAMA ‘80 


World's Largest Exhibition and Congress 
for Instrumentation and Automation 


By SPECIALISTS 
FoR SPECIALISTS 


Even the specialist can’t keep up with every trend 
and development in the dynamically advancing 
business of automatic control and instrumentation. 
INTERKAMA offers an unmatched opportunity to update 
yourself on an international scale and set your own 
Sights for the future of this technology. Start planning 
now for a trip to Dusseldorf where INTERKAMA is held 
every three years. And plan to spend more than a 
couple of days there, as every day at INTERKAMA may 
mean weeks or months saved in the office, laboratory, 
production line or on the test bed. You can’t afford to 
miss the many time and money-saving innovations 
offered at INTERKAMA. 

INTERKAMA has never failed to surprise. As the 
world’s biggest trade event for precision instruments 
and automation, it has always provided fresh stimulus 
fo advanced manufacturing techniques around the 
world. INTERKAMA is progress. Don’t miss it! 


Dusseldorf, October 9-15,1980 


Congress, October 8-9...Repeats October 13-14 





For additional information on INTERKAMA ’80 
mail this coupon to: 
Mr. Gunnar Kuechler — Dept. ED 
German American Chamber of Commerce 
666 Fifth Avenue, New York, New York 10019 
(212) 974-8840 


Name 

Title 

Company 

POS a eee 
RG ee 


DON'T MISS INTERKAMA ’80! 
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If Thomas Edison 
had used a Monochip, 


think how far he could have gone... 


If Thomas Edison had used a 
Monochip;" his electric pen might 
have been a color copy machine. His 
lightbulb might have been a laser. 
And his phonograph might have been 
a stereo system. Why? Because with 
Monochip, IC turnaround time could 
have kept pace with the speed of his 
imagination and the limitations of 

his budget. 

Monochip is the semi-custom IC. 
That means its circuit components —the 
first five layers—are already in place 
when you start designing. All you do is 
tell us how to connect them to make the 
circuit your application requires. Work- 
ing from your layout, we etch the sixth 
layer and deliver prototypes in only 6 to 
8 weeks for $5,000 or less. Once you’ve 
approved them, we’ll make production 
runs of 1,000 to 500,000 parts. It’s that 
easy. Monochip Design Kits are only 
$25 to $59 each, and include every- 
thing needed to develop your own 
custom linear, CMOS, NMOS, CML 
or bipolar IC. 

There’s no telling what Edison might 
have designed if he could have used a 
Monochip. Now, just imagine how far 
you can go. Call or write for more infor- 
mation. Interdesign, 1255 Reamwood 
Avenue, Sunnyvale, CA 94086. 

(408) 734-8666. 








* the semi-custom IC. 


Interdesign is a Ferranti Company. 
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GET THE WHOLE 








can get high 
capacity Augat 
wire-wrap* 
panels in four 
new packaging 
systems featuring 
innovative solutions 
fo your design problem. 
The “whole pack- 
age” approach reduces 
total system design time 
because Augat has already 
engineered your packag- 
ing. And, you can utilize the 
same “off-the-shelf” system 
for both prototyping and 
production. Quick, easy 
access to each panel sim- 
plifies testing, repair and 
modification. These new 
packaging systems are 
designed in accordance 
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Vertical Page System 


with RETMA spacing and fit 
into standard 19” cabinets. 

Augat packaging 
systems are ideal for appli- 
cations in digital data proc- 
essing, process control, 
aerospace ground control... 
almost any application 
where it is essential fo move 
quickly from schematic to 
finished product. 








Vertical Page 

System 

Handles up 

to eight standard 
Augat IC panels 
and packages up 
to 2,688 16-pin ICs. 

Each of the eight 
pages opens quickly 

! for easy access. 
Cabling is located at the 
pivot point of each page 
allowing unrestricted air 
flow. Provisions in the chassis 
allow the user to strain relief 
the cables to prevent flex- 
ing. Heavy-duty slides are 
standard. Optional fan and 
filter are available. 


Horizontal Card Cage 
This flexible system lets 

you combine analog and. 

digital; wire-wrap and 





















Horizontal 
Page System 


stitch-wire; and single, dou- 
ble and triple width boards 
in the same enclosure. 
Choose either a continuous 
backplane or three sepa- 
rate backplanes fo provide 
the different voltages and 
grounds needed to mix ana- 
log and digital boards. All 
are assembled with 96-pin 
I/O connectors. Flexible 
spacing lets you use up to 
four wire-wrap* boards (4.2’ 
spacing) or 7 stitch-wire 
boards (.6” spacing) or a 
combination of the two. 
Guide separators let you 
mix different width boards. 
Fans are optional. 


Horizontal Page System 
Handles up to four 
Augat panels and pack- 


Card Cage 


ages up to 1,560 16-pin ICs. 
Two systems can be 
mounted back-to-back. 
Each page folds down for 
fast, easy troubleshooting 
and IC replacement. And, 
the whole system was 
designed to make 
cabling easy. lwo 
~, top-mounted fans 

¥” are optional. 


New Drawer Systems 

Available in two sizes... 
a two-board and a three- 
board version. Each board 
packages up to ay aa 
both feature a <= 
standard rear- 
mounted back 
plane for easy 
cabling between 
boards or other 
systems. Cabling 
in rear allows unre- 
stricted air flow. 
Optional slides are 
offered for easy 
accessibility. Four 
fans with filter are 
available for cooling. 
Terminal block is 
provided for DC 
power entry. 


Augat Mating Boards 
Designed specifically 
for our vertical page, hori- 
zontal page, and drawer 
systems and provide maxi- 
mum I/O to IC ratio. ICs are 
oriented to pro- 
vide maximum 
cooling effi- 
ciency. Augat 
boards feature 
| 24, 40-pin feed- 
© thrul/O fields, 
DC power entry 





CIRCLE 59 


at two locations and provi- 
sions nearby for installing 
both tantalum and disc 
capacitors. 

As part of Augat'’s total 
packaging capability, our 
Datatex wire-wrapping 
facility will work directly from 
your schematic to develop 
your wire list. 

Our proprietary soft- 
ware will provide diagnos- 
tics to eliminate design 
errors and provide mean- 
ingful documentation. 







Drawer System 


So, if you've been look- 
ing for a source for the 
“whole package.” get the 
best. Call or write Augat Inc., 
Interconnection Systems 
Division, 40 Perry Avenue, 
PO. Box 1037, Attleboro, MA 
02703. Tel: (617) 222-2202. In 
Europe — Augat SA-Fresnes, 
France: Tel: 668.30.90. Telex: 
201.227 AUGSAF. 


AUGAT 


Augat interconnection products, 
lsotronics microcircuit Dackag- 
ing, and Alco subminiature 
switches. 

*Reg. T.M. Gardner-Denver Co. 
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Trace it all, and fast... 


If you're switching from 8 to 16 bit 
microprocessors, make sure your 
logic analyzer can support the 
move. An adequate number of 
input channels is the prime 
prerequisite for 16-bit-uP testing. 


Circle 60 for Literature 


FADOLC!- 


Gum LOGIC INSTRUMENTS GMBH 


Justus Von Liebigstrasse 19D 
6057 Dietzenbach 

Tel. (06074) 2066/2067 

Tlx. 4191550 dli D 


Dolch’s LAM 4850 is not only the 
record holder with 48 input 
channels, it offers you even more 
of the world’s first features such 
as 3 level simultaneous 

clocking to untangle mullti- 
plexed bus signals or “trigger 
tracing’ that lets you examine 
nested program execution in 
real time. 


INTERNATIONAL REPRESENTATIVES 





It's features include: 

@ 1024 bits recording and 
reference memory per channel 

@ sampling rates DC to 50 MHz 

@ 5ns glitch capability 

@ 4 level sequential triggering 

@ binary, hex, octal, ASCII and 
mnemonics display 

@ 16-channel x 2048 timing 
display 

@ [EEE interface (optional) 





Circle 61 for Demonstration 


AUSTRIA GERMANY ISRAEL SWITZERLAND 
Kontron GmbH & Co. KG Kontron Elektronik GmbH Racom Kontron Elektronic AG 
Tel. O 22 36/8 66 31 Tel. 089/3 1901-1 Tel. 4531 51 Tel. 01-62 82 82 
BELGIUM GREAT BRITAIN ITALY USA 

Simac Electronics Sprl. Wavetek Electronics Ltd. Telav Kontron Electronics Inc. 
Tel. 02-6 72 45 56 Tel. (07 34) 69 49 44/69 24 67 Tel. 4 15 87 46/7/8 Tel. 415-348-7291 
DENMARK GREECE NORWAY EAST EUROPE 

SC Metric A/S American Technical Enterprises Morgenstierne Amtest Associates Ltd. 
Tel. 02-80 42 00 Tel. 021-8 21 94 70 Tel. 02-35 61 10 Tel. 932-5 21 21 
FINLAND HOLLAND SPAIN 

Nores & Co OY Simac Electronics B.V. Kontron S.A. 

Tel. 90-52 03 11 Tel. 040-53 37 25 Tel. 7 34'84 13 

FRANCE ICELAND SWEDEN 

Elexo Rafis H/F Macrotek AB 

Tel. 01-5 77 95 70 Tel. 8 66 20/8 21 42 Tel. 08-87 94 90 
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ANALOG CIRCUITS 


This 12-bit, eight-channel system with a built-in instrumentation amp 
acquires data ata 20-kHz rate and fits ina standard package. 





Data-acquisition system 
fits in 40-pin DIP 


Either way, whether packaged 
as modules or as large odd-sized 
hybrid circuits, high-reliability 
data-acquisition systems take up 
a lot of circuit-board space. To 
deal with this problem, Micro 
Networks Corp. has put a hi-rel 
data-acquisition system—includ- 
ing an eight-channel multiplexer, 
an address register, a track-and- 
hold amplifier, a successive-ap- 
proximation a/d converter and 
even an instrumentation amp— 
into a single, 40-pin, double-width 
(0.600-in.) ceramic DIP. 

Moreover, with no external ad- 
justments, the MN7140 H/B pro- 
vides absolute system accuracy— 
input to output—within +0.1% of 
full scale (+0.05% typical) at 25 
C, and easily within +0.4% 
(+0.2% typical) over the entire 
military temperature range (—55 
to +125 C). In addition, through- 
put rate is fast—20 kHz. 

Active laser trimming ensures 
high initial accuracy, eliminating 
the need for user trims in most 
avionics applications. Linearity 
for the entire system is within 
+1/2 LSB (+1/4 LSB typical) at 
25 C, and typically within +1/2 
LSB over —55 to +125 C. The 
MN7140 H/B is among the few 
data-acquisition systems to be 
fully qualified according to MIL- 
STD-883B, Method 5008. 

Acquisition time for a 20-V step 


Stephan Ohr, Components Editor 





Housed in a double-width, 40-pin DIP, this hybrid circuit packs an eight-channel 


multiplexer, an address register, an instrumentation amplifier, a track-and-hold 
amplifier, and a successive-approximation analog-to-digital converter. 


input (through the track-and-hold 
section, but before conversion) is 
no more than 10 us (with 8 pus 
typical). Analog-to-digital con- 
version time is less than 50 us (40 
us typical). 

The entire system requires 
three power supplies: +15 V for 
the analog circuitry and +5 V for 
the logic. Current drain is less 
than 50 mA from each of the 
analog supply rails and less than 
3 mA from the logic supply. 
Power consumption for the entire 
package is less than 1365 mW (908 
mW typical). 

In addition to the high-reliabili- 


ty system, which sells for $733.50 








in hundreds, industrial and com- 
mercial versions are available. 
The MN7140 E/B industrial ver- 
sion includes Class B processing 
according to MIL-STD-883B, is 
rated for operation from —25 to 
+85 C, and is priced at $598.50 in 
hundreds. The MN7140 com- 
mercial version, without hi-rel 
packaging, is rated for 0 to 70-C 
operation and costs $309 in hun- 
dreds. Delivery time for all three 
versions ranges from stock to four 
weeks. 

Micro Networks Corp., 324 
Clark St., Worcester, MA 01606. 
Mark Vaughan (617) 852-5400. 

CIRCLE 320 
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THINK 


RHOMBUS 
FOR ALL 
YOUR 
‘WIDEBAND 
IMPEDANCE 
MATCHING 
NEEDS. 


Our subminiature matching 
transformers cover the im- 
pedance range from 12.5 ohms 
to 800 ohms, from 20 Khz to 
650 Mhz. 


Rhombus now offers all im- 


-pedance ratios between 1:1. 


and 16:1 in three electrical 
configurations: DC isolated 
with centertap, DC isolated 


without centertap, and unbal- 
anced. All units offer superior 


insertion loss, and amplitude/ 


phase unbalance characteristics. | 


Available in either 6 pin DIP or 
flatpack. 


For products catalog and com- 
plete information, call (714) 
898-0960 - (213) 594-8918 or 
write Rhombus Industries Inc., 
15801 Chemical Lane, Hunt- 
ington Beach, CA 92649. 


RHOMBUS, for all your impe- 
dance matching needs. 





RHOMBUS 
INDUSTRIES 
INC. 
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Sample-and-hold amp 
~ acquires data in 1 us 





With its 1-s acquisition time and 5-MHz bandwidth, the TP-4857 is agood choice 
for deglitching applications and medical scanning equipment. 


A sample-and-hold amplifier 
from Teledyne Philbrick provides 
a superfast l-uws acquisition time 
and is packaged in a high-re- 
liability 24-pin hermetic DIP. In- 
tended for data-acquisition 
circuits, deglitching applications 
and medical scanning equipment, 
the TP-4857 offers a maximum 
nonlinearity of +0.002%, a 5-MHz 
bandwidth and an adjustable 
droop rate. 

The 4857 is an inverting track- 
and-hold amplifier with an in- 
ternal buffer amplifier. The addi- 
tion of a few external resistors 
permits inverting and noninvert- 
ing operation, as well as variable 
gain. A comparator in the 
amplifier’s digital input circuit 
makes for reliable operation even 
when a lot of noise is present on 
the digital ground. 

Acquisition time for a 10-V step 
input to 0.01% full-scale is less 
than 1 us (800 ns typical). The 
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sample voltage offset is typically 
+1 mV, and the decay rate in the 
hold mode is typically less than 0.1 
uV/us. A 50-kQ pot between +V.,, 
and pin 3 of the device lets the 
user trim this decay rate to meet 
his system requirements. 

The gain temperature coeffi- 
cient of the device is typically 
below 1 ppm/°C; the sample volt- 
age offset temperature coefficient 
remains within +50 uV/°C. Three 
versions of the amp are offered. 
One operates from 0 to 70 C (4857), 
a second works from —55 to +125 
C (4857-80) and a third is rated 
from —55 to +125 C with full 
MIL-STD-883 qualification 
(4857-83). 

Prices start at $98 each in 
hundred-unit quantities. Delivery 
time is eight weeks. 

Teledyne Philbrick, Allied Dr. 
at Rte. 128, Dedham, MA 02026. 
Ted Serafin (617) 329-1600. 
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Control system adds on 
minicassette drives 





The CS430 data-acquisition and control system handles 105 differential inputs, 28 
analog outputs, and 504 channels each of digital input and output. 


A programmable data-acquisi- 
tion-and-control system has been 
enhanced with minicassette tape 
drives suitable for rugged in- 
dustrial environments, in which 
floppy disks could present prob- 
lems. 

The two minicassette drives are 
the only mass-storage elements 
on the new CS430.controller from 
Burr-Brown (Tucson, AZ). The 
earlier CS450 comes with stand- 
ard 5 1/4-in. diskettes and offers 
minicassettes as options. 

As a production tool, the CS430 
acquires extra user memory by 
eliminating floppy overhead. Out 
of the available 64 kbytes of RAM, 
the CS430 yields about 32 kbytes 
for user programming, compared 
with about 28 kbytes for the 
CS450 with diskettes. 

Both systems are 8080-com- 
patible and are equipped with 
Intel’s Multibus. The Multibus 
lets the user mix peripherals and 
up to seven I/O boards. Both ma- 
chines operate with an extended 
Basic—Basic-400—that includes 
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line editing and program tracing 
and a high-level extended I/O set 
to simplify their use. 

The analog and digital I/O in- 
cludes up to 105 differential, or 
217 single-ended, high and low- 
level analog inputs; up to 28 chan- 
nels of analog output; and up to 
504 channels each of digital input 
and output. 

The 12-bit analog input boards 
each provide 15 differential or 31 
single-ended channels. On-board 
software-programmable instru- 
mentation amplifiers offer 11 dis- 
crete gains between 1 and 1024. 

Both CS480 and 450 systems 
are available as desktop or 19-in. 
rack packages, and support Cen- 
tronics 730 and Pl printers as 
options. 

The basic CS430 costs $6750; 
the CS450 costs $7855. I/O boards 
cost about $500 each. Delivery is 
60 days. 

Burr-Brown Research Corp., 
P.O. Box 11400, Tucson, AZ 85734. 
(602) 746-1111. 
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if someone 
beat you 
to the 
B&K:PRECISION 
16 
Ppege 
oscilloscope 
selection 
guide 


of Electronic Design, 
don’t get upset! 























from B&K-PRECISION 
the complete line of laboratory and field service oscilloscopes. 





| ERED SERS ON 





You can get your own 
copy if you circle 
Reader Service Number 


or you can Call 
800-621-4627 toll-free 
and ask for it. 


pt PRECISION 


DYNASCAN 
CORPORATION 


6460 West Cortland Street 
Chicago, Illinois 60635 e 312/889-9087 


Intl. Sls.: 6460 W. Cortland St., Chicago, IL 60635 
Canadian Sales: Atlas Electronics, Ontario 
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If you can answer 
these questions, you must be 
designing In transient protection with 


GE-MOV Il varistors 


: Why dol have to protect my solid state circuits 
from transients? 


: Damaging high voltage transients can attack 
your circuits through the power line, telephone 
lines, data lines or by current switching in in- 
ductances. They can damage expensive power 
semiconductors, microprocessors and other 
digital circuitry. Proper transient protection is 
essential in circuits designed for reliable, low 
downtime operation. 


: How should | protect my circuit? 


: A metal oxide varistor provides reliability with- 
out requiring overrated semiconductor devices 
which add to circuit cost. More designers spec- 
ify GE-MOV® Il varistors than any other compo- 
nent specifically designed for transient protec- 
tion. GE-MOV® has proven cost effective even 
in the cost-conscious consumer television 
receiver industry. 


: What is a GE-MOV® Il varistor? 


: The GE-MOV® II varistor, introduced by General 
Electric in 1972, is a voltage dependent, sym- 
metrical resistor which when exposed to high 
energy voltage transients changes its imped- 
ance from a very high standby value to a very 
low conducting value, thus clamping the volt- 
age to a safe level. The dangerous energy of the 
incoming high voltage transient is absorbed by 
the GE-MOV® Il varistor, thus protecting voltage 


Q: 
A: 


Won't the addition of a GE-MOV® II varistor add 
to the cost of my circuit? 


The answer is threefold— 

1. Using a GE-MOV® Il varistor eliminates the 
need for over-rated components and their 
additional costs to protect from transients. 

. In an improperly protected circuit, a voltage 
spike can damage a microprocessor or inte- 
grated circuit, that usually costs more than 
the GE-MOV® II varistor, and causes system 
shutdown and servicing, which usually costs 
more than any of the components involved. 

. Isn’t the reliability of your product worth 
56¢*? You can protect your circuit and 
help protect your company’s name with a 
GE-MOV® Il varistor. 


: How do! select the proper GE-MOV® Il varistor 


to protect my circuit? 


: First: the varistor should have a peak operating 


voltage rating that is close to, yet higher than, 
the normal peak ac-line voltage. Next, deter- 
mine the energy level of the transient by the 
term 12 LI? where | is the peak magnetizing cur- 
rent flow in inductance L, which stores the tran- 
sient energy in its field. Use the peak current 
as the expected transient current level. Then 
select the proper GE-MOV® II varistor from the 
GE Transient Voltage Manual or Short Form 
Catalog. 


For selection assistance contact your General Elec- 
tric electronic component sales office, autho- 
rized distributor or write General Electric 
Company, West Genesee Street, Mail 

Drop 14, Auburn, New York, 13021 or 

call (315) 253-7321, extension 283. 


sensitive circuit components. 


*Price based on a V130LA10A in 
quantities of 10,000. 


222.25 






GE makes the big difference GENERAL ($6 ELECTRIC 
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Dual-channel amp matches precision specs 


One problem plaguing dual- 
channel precision op amps has 
been the inadequate tracking be- 
tween amplifiers. In the OP-220 
from Precision Monolithics, how- 
ever, all the precision specifica- 
tions of one channel are tightly 
matched with those of the other. 






For example, the offset volt- 
ages for each channel, which are 
specified at 100 uwV at 25 C, will 
track each other to within 1 
uV/°C. In addition, input bias 
current is on the order of 20 nA. 

The dual-channel amp can oper- 
ate from a single supply voltage 


‘The 


lsotronics 
Difference’ 


We don't just make packages. 
We soive your RF probiems. 


The big problem with microwave modules 
used to be the feed-through interface. Then we 


eliminated the problem — 
interface. 


by eliminating the 


Our microwave modules are manufactured 
with primary seals in the body material itself. That 
not only improves yields significantly, it also cuts 
costs. There's no problem with glass seals on 
thermal cycle and thermal shock reliability tests. 

_ And the body of the part is coined, not machined, 
| fo gay proves eM eee ad ab etability 





lsotronics 


Isotronics, Inc., Industrial Park, New Bedford, Mass. 02745 
(617) 998-2000 © TWX 710 344 1961 © Cable — Isotronics 


FLATPACKS e PLUG-INS e DUAL IN-LINES ¢ AID’S ¢ STANDARD HEADERS * MICROWAVE MODULES © 
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in the range of 3 to 30 V. Supply 
current is typically around 85 pA, 
which makes the OP-220 a good 
choice for battery-powered equip- 
ment. 

In addition, the OP-220 has an 
open-loop gain of 1-million with 
a bandwidth of better than 150 
kHz. And noise is rated at less 
than 50 nV/VHz. 

Delivery is from stock to three 
weeks. 

Precision Monolithics Inc., 1500 
Space Park Dr., Santa Clara, CA 
95059. Tom Schwartz (408) 
246-9222. CIRCLE 309 





One chip accesses 
16 analog channels 





A single-chip, 8-bit data ac- 
quisition system, DAS-952R, al- 
lows any one of 16 single-ended 
channels of analog information to 
be selected and digitized at sys- 
tem throughput rates of up to17.5 
kHz. The 40-pin DIP requires only 
an external reference, clock and 
5-V supply. Total unadjusted er- 
ror for the system is +1/2 LSB 
maximum. The input multiplexer 
allows direct access to any of the 
16 inputs and provides the neces- 
sary logic to permit channel ex- 
pansion. Full-scale range is de- 
termined by the external refer- 
ence, which may be selected to 
yield a full-scale range of 0.512 to 
5.25 V for a LSB size from 2 to 
20.5 mV. 

Datel-Intersil, 11 Cabot Blwvd., 
Mansfield, MA 02048. Sumner 
Eagerman (617) 339-9841. $37.50; 
stock. CIRCLE 399 
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EA SERIES 4.00x5.59x2.28mm = : nnn nf 4 , 
A (isex20x0n) —.-- @ Wide range of applications 
, 4 ee eats as 7 ——-. . . 
DIRECTIONAL MICROPHONE ov? Design flexibility is-virtually unlimited when you utilize one of Knowles 
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BW SERIES 7.92 x 5.59 x 2.28 mm device w bel 2ddsets,. tape recorders, 
(312 x .220 x .090in.) “dictating machines, pé com systems and similar 

a _-cemmunication produsts. | ce ae 
BEEPER/SPEAKER The'experien s has gained in 25 years of service to the hearing 
\industry. the excellent reliability.and efficiency of the 


’s designers. Knowles acoustic transducers — 
size of their predecessors; yet, they contain — 













BS SERIES 19.25 x 12.95 x 9.10 mm 
(.758 x .510 x .358in.) 





invéstigate the advantages oj using Knowles subminiature microphones, 
speakers and beepers in your product. They are available in quantity to |‘ °<_ 
OEM users at competitive prices. Delivery schedules are rigidly main-*: °° “ 
tained to facilitate your production planning. Contact us for more 
information. C 
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(.990 x 1.0 x .380in.) 
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Ceramic DIPs cut v/f converter costs 





By using ceramic dual-in-line 
packages instead of hermetically 
sealed metal packages, Teledyne 
Philbrick saves up to 45% of the 
cost of its hybrid voltage-to-fre- 
quency converters, yet sacrifices 
very little in performance. Al- 
though they cost less, the 4731-70, 
4738-70 and 4735-70 v/f con- 
verters offer the same high lin- 
earity, wide dynamic range and 
low drift as the metal-packaged 
4731, 4733 and 4735 converters. 
However, the -70 devices operate 
from 0 to 70 C; the other units 
work from —55 to +125 C. 

The 4781-70 provides a full- 
scale output frequency of 10 kHz; 
the 4733-70 provides 100 kHz; and 
the 4735-70 goes as high as 1 MHz. 
Input voltages range from +10 nV 
to +20 V for a dynamic range of 
126 dB. Input current can be as 
low as 1 nA. The untrimmed input 
offset is typically +1 mV. 





Circuit 
Boards 
Eurocards 
Prototype 
Boards 


Terminal Pins 


E 
Connectors 


D.I.N. 
Connectors 
Card Frames 
—Standard 


Card Frames 
—Custom 


Card Frames 
—Euro 


Module 
Systems 


Card Handles 
Card Guides 


instrument 
Cases 


Accessories 


Fans & 
Blower Units 





The 4731-70 and 4733-70 con- 
verters offer maximum _ non- 
linearities of 0.005% of full scale, 
plus 0.005% of the signal. The 
nonlinearity of the 4735-70 is 
specified as 0.025% of full scale 
plus 0.025% of signal. 

The ceramic-packaged con- 
verters cost from $75 to $95 each 
in 100-piece lots. 

Teledyne Philbrick, Allied Dr. 
at Rte. 128, Dedham, MA 02026. 
Mitch Bloom (617) 329-1600. 
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DTMF encoder mates 
with low-cost keyboards 


An improved DTMF encoder 
chip, ICM7206C operates with in- 
expensive single-contact calcula- 
tor-type keyboards. The CMOS 
chip’s oscillator disable function 
provides for output switch opera- 
tion,only when a key is pressed; 
no’spurious sidetones are gener- 
ated. The chip interfaces with 4 
x 3 or 4 X 4 single-contact key- 
boards. Output distortion is only 
2 to 3% with simple filtering. The 
device operates from supply volt- 
ages as low as 8 V and dissipates 
less than 5.5 mW at 5.5 V. Only 
nine additional components, in- 
cluding a common 3.57-MHz 
color-burst crystal, are required 
to create a low-cost tone gener- 
ator. 

Intersil, 10710 N. Tantau Ave., 
Cupertino, CA 95014. (408) 
996-5000. $3.41 (100 qty). 
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r © EUROCARDS 


What is a Eurocard?—AEurocardis a preferred standard circuit board 
size, very widely accepted throughout Europe and the U.K. It covers 4 preferred 
sizes, & is compatible with DIN connectors. 


e 4sizes—100mm x 160mm 
single height x single depth 
100mm x 220mm 
single height x extended depth 
233.4mm x 160mm 
double height x single depth 


233.4mm x 220mm 
double height x extended depth 


e Directly compatible with Euro- 
frames 5-1/4 or 10-1/2” high 


e Directly compatible with Indirect 
Connectors to DIN 41612 


Send now for catalog 
giving full specifications 
and ordering information. 


171 Bridge Road, Hauppauge, N.Y. 11787 (516) 234-0400 TWx: 510-227-8890 
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Signetics' new dual op amps. 
Team them with your design 


for the industry's lowest noise. 


Now the instrument OEM can specify op 
amps that deliver precision performance and 
low noise operation. 

Our new duals combine the industry’s lowest 
spectral voltage with a 6002 output drive 
capability. The Signetics 5532 really shines at 
6nV/V Hz. And our 5538 brings it 
allhome at 4.5nV/V Hz. 

Compare our monolithic pair 
to other ‘‘low-noise”’ op amps, 
and see what you’ve been 
missing. Like wide 
power bandwidths 
at exceptional slew 
rates. 

Use them in your 
new design. 
Or specify 
them as 
superior 
replace- 
ments for 
not-so-low-noise op 
amps you may be 
using now. 






Signetics Low-Noise Op Amps 


Low Noise: 6nV/\/Hz (max.); internally compensated; 
140kHz power BW @9V/psec slew. 


Low Noise: 4.5nV/,/Hz (max.); 200kHz power BW 
@13V/psec slew. 

NE/SE5534*| Low Noise: 4.5nV/\/Hz (max.); 200kHz power BW 
(single) | @13V/psec slew. 


*industry-standard pinouts, and available processed to 
MIL-STD 883B too! 








Silent Partners. 






















Both devices give you a small-signal 
bandwidth of 10OMHz, and high output drive 
capability. By “high,’ we mean 10V rms into 
6002 at V;=+I18V. Great for active filters or 
low-signal transducers. 

If you don’t need two op amps on a single 
chip, check out our 5534. Same super features 
as our 5533. And this one’s already become an 
industry standard. For industry - standard 
BiFETs packaged in plastic check out our 
LF 355 and LF 356. Whatever you 

choose, these super low noise per- 
formers are just a sampling of 
Signetics’ broad analog cir- 
cuits line. 
You'll find 
a part to 
meet any 
spec—includ- 
ing speed, with 
our very fast 
NE5539 op amp. 

Find out how to 
get the noise out. 
Contact your nearby 
Signetics sales office or authorized 
distributor. Or write: Signetics Corp., 
811 E. Arques Ave., P.O. Box 409, Sunnyvale, 
CA 94086. Telephone 408/739-7700. 


SiqnOtics 


a subsidiary of U.S. Philips Corporation 


Multiple Technologies from 8 Divisions: 
Analog, Bipolar Memory, Bipolar LSI, 
MOS Memory, MOS Microprocessor, 
Logic, Military, Automotive/Telecom 
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HP Deak Top | 
Computer 
Users 


If you use HP 9800* series 
Desk Top Computers you 
should get to know Infotek. We 
are now in our fifth year of 
producing powerful enhance- 
ments for the HP 9825, 9830 
and 9831. 

Infotek now introduces 
add-in memory and floppy disk 
systems for the HP 9835 and 
9845. 

As always, Infotek’s add-in 
memory is fully compatible to 
your HP Desk Top system. The 
only differences are immediate 
availability, lower cost and a 
one year hiaaoad § 

nfotek’s new floppy disk 
system for the HP 9825, 9835 
and 9845 is similar to 
HP's 9885* in two ways, quality 
and 100% software compati- 
bility—but that’s where the 
similarity ends. And...you'll like 
the differences. 


“PRODUCTS OF HEWLETT-PACKARD CO. 





First, the Infotek FD 9885 
Floppy System is several times 
faster, and has more storage 
capacity. Next, it does things 
like duplication, verification 
and diagnostics by itself so 
you get a lot more work out of 
your computer during these 
operations. Also, Infotek’s flop- 
py systems provide you with 
three I/O ports so you actually 
gain two more I/O ports when 
using our system. 

Contact Infotek NOW for 
a demonstration of this very 
extraordinary disk system. You 
will be amazed at the com- 
puting power you gain. 


infotek 
af Systems 


1400 North nae Street 
Anaheim, California 92806 
(714) 956- '9300/Telex 182283 


Tell me more about INFOTEK products. I have the following mainframe: 


1 9825: number of systems 
1 9835; number of systems 
21 9845: number of systems 


NAME 
COMPANY 
STREET 
CITY 


a Oh ee ae 


COUNTRY 
PHONE 
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One-chip radios 
bring in AM/FM 





66 


Two “radio-on-a-chip” ICs, 
U417B and U418B, feature AM 
and FM i-f circuits and de- 
modulators, an AM oscillator, an 
rf stage, a mixer, an audio 
amplifier and a voltage regulating 
circuit. The circuits are intended 
for compact, low and medium- 
class AM/FM radio receivers and 
communication/navigation 
equipment. Power consumption is 
typically 450 mW from a wide 3 
to 15-V supply range. Audio out- 
put is 700 mW for the U417B and 
1 W for the U418B. U417B comes 
in a 16-pin DIP while the U418B 
is housed in an 18-pin DIP. 

AEG-Telefunken, Rt. 22—Orr 
Dr., Somerville, NJ 08876. (201) 
722-9800. CIRCLE 322 


CMOS circuit assigns 


time slots 


A variable time-slot assign- 
ment and line circuit control de- 
vice, MC14418, simplifies hard- 
ware design of central-office and 
private branch exchange digital 
switching. The device operates at 
rates to 2.56 MHz at 0 to 64 time 
slots per frame. Control functions 
offered include ring enable, ring 
trip, power down and tone and 
data control. Active power re- 
quirement is 60 mW maximum, 
decreasing to approximately 1 
mW in power-down. Supply re- 
quirement is 5 to 16 V. 

Motorola Semiconductor Prod- 
ucts, 3501 Ed Bluestein Blvd., 
Austin, TX 78710. Bob Karasch 
(512) 928-6237. $7.50 (plastic); 
$8.80 (ceramic) (100 qty). 

CIRCLE 323 


164 Electronic Design « June 21, 1980 


‘A 











Now, for the first time, systems de- 
signers can select from a full comple- 
ment of military grade memories opera- 
tional over the full temperature range, 
— 55 to + 125°C. 

And, you can make that selection 
from TI’s growing full temperature 
EPROM Family. 


Processing and speed options 


The military versions of T’s EPROM 
Family are available in three process- 
ing levels: 

e SMM: Military processed 

@ SMC: 888B — Vendor 

equivalent 

e SMJ: 8838B 
You can specify either the 2708 or 2516 
in both 350 and 450-ns versions. The 
2508, fastest 8K EPROM available any- 
where, clocks in at 250 and 300 ns. 


TI’s Growing Military EPROM Family 


The first family of - 55 to +125 C 
military EPROMS is available now. 
From Texas Instruments. 


Low-power 8Ks, 16Ks and 32Ks 


A 446-mW 2508 and a 525-mW 2516, 
standard 2708s and 2532s, along with 
their low-power versions, 27L08 and 
25L32, dissipating 580 mW and 500 
mW, respectively, offer the designer 
more flexibility than ever before. 


Temperature options 


For systems that don’t require full tem- 
perature operation, check and choose 
from these cost-effective military pro- 
cessed options: 


SUFFIX OPERATION 


0 to 70°C 
—20 to + 85°C 
—55 to + 85°C 

—55 to + 100°C 
—55 to + 125°C 


ZADOr 


Family compatibility and availability 
All TI Military EPROMs are pin- 








ACCESS 


OPERATING MAX POWER ~_ TIME 
STD LOW POWER ns 








PROCESSING LEVEL“ ORGANIZATION 


SMM, SMC, SMJ, 883B 
SMM, SMC, SMJ, 883B 
SMM, SMC, SMJ, 883B 
SMM, SMC, SMJ, 883B 




















compatible in rugged 24-pin dual-in-line 
ceramic packages. 

Upgrading is simple because the fam- 
ily concept is designed in. Like all TI 
EPROMs, the military versions are 
also erasable, reprogrammable and up- 
gradable. At any time. 

All offer reliable, state-of-the-art 
performance and most are available off- 
the-shelf at your nearest authorized TI 
distributor. 

Military systems designers can con- 
tinue to depend on TI’s firm commit- 
ment to innovative military memory 
products. 

For performance. For reliability. For 
compatibility. For upgradability. For 
availability. For economy. And for 
speed. 


For more information about TI’s 
military EPROM Family, contact your 
distributor or TI local field sales office. 
Be sure to ask about TI’s 
military versions of static 
and dynamic RAMs. For 
details, write to Texas In- 
struments Incorporated, 
P.O. Box 225012, M/S 308, 
Dallas, Texas 75265. 










Fifty Years 


OL. 
Innovation 
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TEXAS INSTRUMENTS 


INCORPORATED 
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From the motion picture “The Graduate,” ©1967 Avco-Embassy Pictures Corp. 









“1 JUST WANT TO SAY 
NE WORD TO YOU...” 








- HITACHIC!(0SPLASTICS!” — 


INTRODUCING HITACHI CMOS _ MORE REASONS TO CHANGE © 
PLASTIC TECHNOLOGY TO CMOS PLASTIC 


Now, more than ever before, Pin-for-pin compatibility. Comparable 
the world depends on electronic high speeds. Radically lower-power dissipation. 
technological advancement to Lower operating temperatures. Reduced need 
reduce our energy problems. for high-current power supplies. Prices _ 
And, we've responded. Througl competitive with NMOS cerdip RAMs. 
Hitachi CMOS technology. The list goes on, but only you can make ~ 


"1 the comparison for use in your application. © 
“HI-CMOS” p your app 


A technology so unique, it’s 
enabled us to combine the low 
power of CMOS and the high speeds of HMO 
with cost-effective NMOS densities. 

With the low power of Hitachi CMOS we can 
now offer high-speed static RAMs in plastic with 
densities up to 16K. 


CMOS PLASTIC VS. 
NMOS POWER LIMITS 



















The [R100 award winning HM6147 CMOS 
memory exemplifies this line of state-of-the- art 
products. A unique combination of high-speed — 


oC ae NMOS memory cells and low-power CMOS - 
Hitachi CMOS plastic technology allows - peripheral circuits yield fast (55ns) access | 


plastic packaging of high-speed static RAMs to 
densities of 64K and beyond, whereas NMOS Bee nance CGE ee oicea. 


reaches the limit at 16K. Compare our plastic packaged HM6147, 4K xX 
CMOS RAM with your present 2147 device. 
You'll find ours offers unduplicated power 
advantages plus comparable speeds. 

Then compare our HM6148, 1K x 4 with any 


























S 2148. Our 55ns access time meets that of your — 
ce 400mw 4K high-speed NMOS static, but only Hitachi 
z adds lower-power characteristics: including : 
5 150mw operation and only 54W during complete _ 
= a standby. 
© And, our 16K HM6116, 2K x 8 has an address 
fe access time of 120ns with low-power dissipatior 
during operation of 200mw, Just 20uW ne 
complete standby. 
onl : SAY GOODBYE TO HIGH POWER 
POWER IN sreecn Gat RAMs DISSIPATION PROBLEMS — _ 2 
. _ Just say “HITACHICMOSPLASTICS” a cou 
This advanced CMOS plastic technology Hitachi representative or distributor fordata. 
means you'll need only 200mw to operate our sheets, samples and prices. He’ll make delivery, 


16K devices compared to the 700mw operating © reduced power aS and lower cost asure | _. 
power required by. standard 16K NMOS cerdip thing. : 
S fogs a | 


ocki . sDsbtors Bel - Future « + Jaco « » Marshall + Mil ‘ay ° Resco * 
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Now... 
the only 
RF power 
amplifier you 
may ever need. 


The new ENI 550L 
delivers 50W, 1.5-400 MHz. 


This single unit is so incredibly 
versatile it can replace several 
you may be using now. And you 
may never need another. It’s an 
extremely broadband high 
power, solid state, Class A linear 
amplifier. It’s rated at 50W from 
Fes Yorn 008 \V/1 74m 510) | a @r=] a ©) €0)1/ [6 [= 
100 Watts from 1.5-220 MHz. 
All you need with the 550L is 
any standard signal or sweep 
generator and you've got the 
ultimate in linear power for such 
applications as RFI/EMI testing, 
NMR, RF Transmission, 
ultrasonics and more. 

And, like all ENI power ampli- 
fiers, the 550L features uncon- 
ditional stability, instantaneous 
failsafe provisions, and absolute 
protection from overloads 
and transients. 

The 550L represents the pinnacle 
iN RF power versatility. There’s 
nothing like it Commercially avail- 
able anywhere! And it may be 
the only RF power amplifier 
you ever need. 

For more information, a demon- 
stration, or a full line catalog, 
(0) (aah om G0) g) =|) LOK W-) at od NX Pa 10) 010) 
Winton Road South, Rochester, 
NY 14623. Call 716/473-6900, or 
telex 97-8283 ENI ROC. 


The advanced 
design line of 
power amplifiers 





CIRCLE 71 


DIGITAL CIRCUITS 


CMOS octal circuits 
more than equal bipolar 


Iso CMOS octal decoders and 
demultiplexers match bipolar 
74LS circuits in drive and propa- 
gation delays but dissipate one- 
thousandth of the power. The 
Mitel 187/8/9 circuits with nonin- 
verted outputs and 237/8/9 
circuits with inverted outputs are 
pin and performance-compatible 
to the popular 7DLS family of 
interface buffers, latches and de- 
coders. With a load of 15 pF and 
2kQ, propagation delays are 15ns 
typically for an address input 
high-to-low transition and 22 ns 
typically for an input low-to-high. 

The 187/237 one-of-eight de- 
coders have latches on the three 
address inputs to permit glitch- 
less operation where needed. The 
138/238s are nonlatched one-of- 
eight decoders, and the 139/239s 
are dual one-of-four decoders. 
Supply current is just 0.1 mA 
with the outputs open, although 
each output can handle 24 mA. 

The Mitel family of Iso CMOS 
products includes octal latches 
and buffers. Transparent latches 
are the 3738 (533 inverted) and 573 
(563 inverted); flip-flops are the 
374 (534 inverted) and 574 (564 
inverted). Octal buffers are the 
1240/540 and 241/541 noninvert- 
ing and inverting units and the 
1244 noninverting unit. 

All latches offer propagation 


EEPROM retains 
2-k X 8-bit data 


An electrically-erasable 
PROM, HN48016, stores over 16 
kbits. Organization is 2048 xX 8- 
bits. Maximum access time is only 
300 ns; programming time, 10 
ms/byte; erasing time, 1 s (all bit 
erase). I/O levels are TTL com- 
patible. The maximum number of 
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delays of 12 ns typically (with a 
load of 45 pF and 667 (2), and 
operate at frequencies up to 20 
MHz. With the outputs disabled, 
the supply current is typically 0.1 
mA. All buffers have delays of 9 
ns for a low-to-high input change, 
and 12 ns for a high-to-low change 
(with a 45-pF and 667-0 load). 
Supply current is also just 0.1 mA 
with the outputs disabled. Each 
output can drive 24 mA so long 
as the package power rating is not 
exceeded. 

All these members of the 
MDF45C family operate over a 
power supply range of 3 to 7 V, 
although their performance is 
guaranteed at a 5-V level. Initial 
samples are now available and 
full production quantities are ex- 
pected in the third quarter of 
1980. In 100-quantity lots, the 
MD745C 137/8/9 and 237/8/9 de- 
coders are $3.13; the 240/1/4 and 
540/1 buffers are $3.38; and the 
373/4, 5383/4, 5638/4 and 573/4 flip- 
flops are $4.38. Also available is 
an older circuit, the MD74C245, 
which costs $4.47 and will soon be 
upgraded to the specifications of 
the MD745C family. 

Mitel Semiconductor, P.O. Box 
13089, Kanata, Ottawa, Ontario, 
Canada K7K 1X8. Peter Richmond © 
(613) 592-7122. 

CIRCLE 305 


cycles is 1000, while data reten- 
tion is longer than 10 years at 85 
C. Uses include storage of control 
programs in computers and pres- 
ervation of data in a power fail- 
ure. 

Mitacht America, 707 W. Algon- 
quin Rd., Arlington Heights, IL 
60005. (312) 593-7660. 
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Gould’s newest digital writing systems provide 
superior accuracy in full-scale overlapping traces 
without overshoot. 

Gould's fixed linear array writing systems give 
you trace precision and reliability unmatched by 
conventional writing methods. Both the ES 1000 and 
the TA 600 provide faster rise time, higher resolution, 
full-scale overlapping display of all channels at 
user's discretion, excellent square wave and peak 
capture, simultaneous grid generation, and complete 
annotation of necessary information from internal 
and external sources. 


The ES 1000 electrostatic analog recorder. 

e Records frequencies up to 15 kHz on as many 
as 16 channels through versatile plug-in signal 
conditioners. 

¢e Records transient signals lasting more than 
40 us at full value. 

e Chart speeds from 5 to 250 mm/s. 

¢ Produces clear, high contrast permanent records 





on 11-inch wide roll or Z-fold electrostatic 
paper which is 1/4 the cost of photo sensitive paper. 


The TA 600 thermal array analog recorder. 

¢ Records up to 320 Hz on as many as 32 channels 
through versatile plug-in signal conditioners. 

¢ Displays at full value any pulse lasting over 
625 us. 

¢ Produces permanent records on 6-inch wide 
roll or Z-fold thermal paper. 

¢« Chart speeds from 50 mm/s to 1 mm/h. 

¢ Optional microprocessor gives the TA 600 the 
versatility for the most advanced recording 
applications. 

For more information, write Gould Inc., 
Instruments Division, 3631 Perkins Ave., 
Cleveland, Ohio 44114. 

For brochures call toll-free: (800) 331-1000. 

In Oklahoma, call collect: (918) 664-8300. 

In Europe, contact Gould Instruments S.A.F., 

57 rue St. Sauveur, 91160 Ballainvilliers, France. 


=" GOULD 


An Electrical/Electronics Company 
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SOCAPEX 

manufactures an extensive line of Minia- 
ture Coaxial Connectors suitable for 
cable, panel, printed circuit and chip 
applications in high frequency micro- 
wave components and systems. 
Our SMA, SMB, and SMC Connectors 
are manufactured and tested in accord- 
ance with the requirements of MIL-C- 
39012 and several configurations have 
been qualified to these specifications by 
independent test laboratories. 





SOCAPEX manufactures 
a broad line of high quality BNC Con- 
nectors (50 and 75 ohm) for use in low 
frequency applications. 
A variety of MIL-Spec/UG classifications 
are available for use with standard co- 
axial cables from .080 to .440 inch O.D. 
Crimp and captive-contact versions are 
included. 
Connectors with isolated (floating) 
ground leads are available for applica- 
tions where system and chassis grounds 
must be independent. 


Call today for price, delivery or sample! 

















ib 


6660 Variel Ave., Canoga Park, CA, 91303 
(213) 887-0750 


"N 
THOMSON - CSF 
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Low-power LCD drivers 
handle dot displays 


CLKEN 
ay 
CLK Oe 


[ 


ROW AC 
VOLTAGE 
GENERATION 


LCD OR 
INTERNAL 
OSCILLATOR 
SELECTION 


INTERRUPT 





16 OUTPUT 
DRIVERS 


32 BIT SHIFT REGISTER 


32 LATCHES 


6 16 
16 OUTPUT 
DRIVERS 


16 ROW 16 CO 
OUTPUTS OUTP 


AC VOLTAGE 
GENERATION 


The HLCD 0548 liquid-crystal-display driver is configured for driving 16 rows and 
16 columns; units can be cascaded for driving larger displays. 


Most available liquid-crystal- 
display drivers are intended for 
alphanumeric displays. Hughes 
Aircraft’s latest, on the other 
hand, are much more ambitious: 
The HLCD0540 can handle 32- 
point row or column displays, 
while the HLCD0548 can handle 
a 16 X 16 dot matrix. Both are 
fabricated in CMOS to keep the 
power requirement low. Supply 
voltages range from 3 to 15 V. 

There are plenty of other simi- 
larities. Both drivers come in 40- 
pin packages. Both have serial 
data inputs. And both have on- 
chip oscillators that can operate 
at clock rates of up to 1.5 MHz to 
provide flicker-free displays. 

What’s more, both the 0540 and 
0548 can be cascaded to make 
larger displays—in fact, two 


0540s can be combined to provide - 


a 32-row X 32-column display 
simply by selecting the drive 
functions for each driver through 
its ROW/COL select pin. And, 
thanks to a simple serial interface 
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and interrupt control pin, the 
drivers can easily be interfaced to 
microprocessor systems. All in- 
puts, by the way, are CMOS, 
nMOS and TTL-compatible. And 
operating current for either 
driver is at most 500 va at a Vpp 
of 15 V. 

Driver-output voltage levels for 
the row outputs are Vpp for an 
output high, close to 0 V for an 
output low, and about half of 
Vpp when the output is un- 
selected. For the column lines, the 
swings are about 0.68 V,, for an 
output high and 0.32 V,p for an 
output low. Data-in setup time 
(data change to clock fall) is a 
minimum of 300 ns, data hold 
time (clock fall to data change) is 
100 ns, and the LCDo to interrupt- 
out delay (clock fall to interrupt- 
out rise) is 300 ns. 

Hughes Aircraft, Solid State 
Products Div., 500 Superior Ave., 
Newport Beach, CA 92662. Bill 
Eckess (714) 759-2948. 

CIRCLE 302 


Now=Gould 











quality ina100 MHz 


oscilloscope. 


No scope on the market has more 
of the features you need than the 
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(eo) ait-Vaar=} (2104 bg ler- IVA) (=1e1 tae) al(omel| corel it 
igelanme|(epit-lmcomere)anasvalecevarclm aia 
exceptional results. 

With vertical sensitivity of 
2mV/cm up to 85 MHz, the OS3600 
can examine extremely low level 
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displays even narrow pulses with 
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3% digit DMM is available as a 
factory fit or retrofit. Plus, the 
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Digital lock chip 
restricts area access 


A digital lock system, LS7225, 
guards machines, areas and bur- 
glar alarms against unauthorized 
access. The 14-pin DIP offers 5040 
four-digit combinations and in- 
cludes a special tamper output. 
The chip detects the proper se- 
quential closing of four keys to 


toggle the lock-control output. 
Improper sequencing or activa- 
tion of a “dummy” input key re- 
sets the chip and activates the 
tamper output. The device oper- 
ates from 5 to 18 V de and typi- 
cally draws only 25 wA in standby. 

LSI Computer Systems, 1285 
Walt Whitman Rd., Melville, NY 
11747. (516) 271-0400. $1.25 (1000 
qty); stock. CIRCLE 407 





We ship your shape within 6 weeks. 
Or 3 days. 


Not only are we more beautiful, but we're 
faster too. Everything you see here can be 
shipped to you in6 weeks. And a large selection 
of Instant Optima enclosures gets beauty on 
the way to you in just 3 days. Send for our catalog. 


We make you look better 





OPTIMA 


Scientific -Atlanta 





4-k CMOS RAM 
takes less power 


A 4-k CMOS static RAM, the 
MSM 5114, directly replaces 
industry-standard 2114L parts 
yet consumes less power. Use of 
the new RAM reduces system 
power supply requirements. The 
device is organized as 1024 x 4 
bits and provides TTL compatible 
I/O. A single 5-V supply require- 
ment simplifies system design- 
ing. 

OKI, 1333 Lawrence Expwy., 
Suite 401, Santa Clara, CA 95051. 
(408) 984-4842. $18.10 & $20.15 
(100 qty); stock. CIRCLE 408 





32-k static ROM subs 
for 2732/2332 


A 32-k static ROM, the 
RO-3-9333 substitutes for Intel’s 
2732 and 2332, Synertek’s SY2333 
and AMD’s AM9233. The device is 
organized as 4096 X 8-bits and 
features an access time of 450 ns 
maximum. RO-3-9333 is fully 
static and requires no clocks, All 
inputs and outputs are TTL com- 
patible. 

General Instrument Microelec- 
tronics, 600 W. John St., Hicks- 
ville, NY 11802. (516) 733-8120. 
$11.87 (1000 qty); 4 to 6 wks. 

CIRCLE 409 





6-MHz Z80 upgrades 
slower uP circuits 


A faster version of the popular 
Z80 microprocessor, the Z80B, up- 
grades systems based on the 
chip’s slower predecessors, the 
Z80 and Z80A. The new chip is 
completely pin and software com- 
patible with the earlier devices 
yet runs at a 6-MHz clock rate, 
compared to the Z80A’s 4-MHz 
rate and the Z80’s 2.5-MHz speed. 

Zilog, 103840 Bubb Rd., Cuperti- 
no, CA 95014. (408) 446-4666. 


2166 Mountain Industrial Blvd., Tucker, Ga. 30084, Tel: (404) 939-6340 * 10039 
Pioneer Blvd., Santa Fe Springs, Ca. 90670, Tel: (213) 949-9571 * 2100 Route 
208, Fairlawn, N. J. 07410, Tel: (201) 791-6455 * Canada: 1640 Bonhill Rd., Unit 
6, Mississauga, Ontario L5T 1C8, Canada Tel: 416-677-6555, Telex: 06-983600 


$20.00 (plastic); $3.85 (cerdip) (10 
qty). CIRCLE 410 
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This monolithic 6-bit, 
33nsec A/D converter has everything 


And a test board to prove it. 


Order our monolithic 6-bit 33 nsec 

A/D converter on its own fully assembled 
evaluation board (4%2" x 52”, complete 
with 44 pin edge connector). Using 
+5and + 15V power supplies, the board 
accepts and digitizes a 1V peak to 

peak signal from a 75Q source at sample 
rates from DC to 30 megasamples 

per second. 

Use it for performance evaluation of 
the converter. For system prototyping. 
As a test fixture. Price for TDC1014PCB 
6-bit converter and board: just $218 
(only $168 in 100’s). 

Or if you prefer, order just the 6-bit 
converter (TDC1014J) by itself. 
Competitively priced at just $93 (in 100’s), 
the TDC1014J is a fully parallel (flash) 
A/D converter. 


TRW keeps you ahead in digital signal processing 


If you're working in data conversion 
with video bandwidths take a look 
at these features: 


With or without the evaluation board, 
these 6-bit video speed converters are 
in stock at your local Hamilton/Avnet 
distributor. 

e 6-bit resolution 

+ 1/4 LSB linearity 

e 30 megasamples per second (33 nsec) 
no sample-and-hold circuit required 
e binary or two's complement output 
monolithic, bipolar, TTL 

e 24 pin ceramic DIP 

e 0.75W power dissipation 


Prices quoted are U.S. prices. 
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For immediate information, call us at 
(213) 535-1831. Or send in the coupon. 
Or just attach your business card 

to this page and mail it back to us. 




















crn eee ne me et er et en meee 
ED-6 | 
| TRW LSI Products 
| P.O. Box 1125 
| Redondo Beach, CA 90278 [ 
| Please send data sheets on the TDC1014PCB | 
| and TDC1014J 6-bit A/D converter. | 
| | 
| Name i 
| 
| Company i 
| Div/Dept Mail Code | 
| Address | 
| 
| City 7 
| 
| State Zip | 
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TRRW 1s! propucts 


An Electronic Components Division of TRW Inc. 
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Standard parts customize a backplane 





Backplane assemblies called 
Contact-Serts are designed easily 
and quickly to a customer’s 
dimensional and layout specifica- 
tions. The assemblies, developed 
by Hybricon, are made from 
standard volume-produced parts, 
such as contacts on reels and shell 
sections for connector housings. 
Hybricon will also do wire wrap- 
ping to customer specifications 
when supplied with a routing list. 

Contacts for the Contact-Sert 
assemblies can be _ press-fitted 
into two-sided or multilayer PC 
boards with plated-through holes. 
Contacts can be made with selec- 
tive gold plating and gold or tin- 
plated tails. Board and contacts 


thus become rugged, integral as- 
semblies that can accommodate 
multiple power and ground planes 
with high-current capability. 
Standard contact plating is a 
0.1-in. stripe of gold, 0.03 mils 
thick, on top of 0.05 mils of nickel 
on the contact area. On the rest 
of the contact body and tail is a 
gold flash, 0.005 mils thick (0.003 
mils minimum) over 0.05 mils of 
nickel. To cut costs, the body and 
tail of the pin outside the contact 
area can be plated with 0.2 mils 
of tin over copper flash. 
Hybricon Corp., 410 Great Rd., 
(Rt. 119), Littleton, MA 01460. C. 
Michael Hayward (617) 486-3174. 
CIRCLE 301 





Dicer slices substrates 
with precision 





A substrate dicer, Model 110, 
replaces silicon saws for cutting 
extremely hard substrate materi- 
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als. Used with a resinoid diamond 
blade, Model 110 cuts through 
ceramic, quartz, sapphire, lithi- 
um niobate, gallium arsenide, fer- 
rite, garnet, ruby and barium 
titanate. Kerfs as narrow as 
0.0015 in. can be cut without dam- 
age to substrates. A full-color op- 
tical display screen allows the 
operator to view cutting surfaces 
without the use of a microscope. 

UTI, 325 N. Mathilda Ave., Sun- 
nyvale, CA 94086. (408) 738-3301. 
$23,750. CIRCLE 405 








HAYDEN TAPES 
ARE NOT 
SOMEWHERE 
OVER THE 
RAINBOW... 


SLOW LIST/STOP LIST 
(Gilder) Start, stop, and control 
the speed of your program 
with Apple Il’s game paddles. 
Control the speed at which the 
disk catalog appears and ter- 
minate CATALOG operation in 
the middie. The program can 
be enabled and disabled under 
software control. #03904, 
Apple tl, $10.95 


REVIVE (Gilder) Whena 
program is accidentally erased, 
REVIVE searches through mem- 
ory and finds the information 
that enables it to restore the 
pointers that have been 
changed. Can be loaded at any 
time, even after you have acci- 
dentally erased the program. 
#03604, Apple ll, $19.95. 


SONGS IN THE KEY 
OF APPLE (topatin). Allows 


you to see and hear your fa- 
vorite tunes, pre-programmed 
tunes, or music you create (up 
to 200 notes, including rests 
per musical piece). Multi-color 
graphics accompany all music. 
#03304, Apple ll, $10.95. 


APPLESOFT UTILITY 
PROGRAMS 6cilder) con- 


tains 9 subroutines, among 
them 3 different statement 
formatters: REM, PRINT, and 
Pokewriter.Other subroutines 
included are: calculating the 
decimal address of your ma- 
chine language program, 
checking for illegal branches 
and indicating where one 
exists, joining two or more 
programs together, etc. 
#03504, Apple Il, $29.95. 


They're Down To 
Earth And At Your 
Local Computer Store! 


Hayden Book Company, Inc. 
50 Essex Street, Rochelle Park, NJ 07662 
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Virtuoso performers at 
computer keyboards deserve 
the ultimate in recording 
quality. That’s why you 
should specify Verbatim 
brand diskettes, minidisks, 
cartridges and data cassettes 
for your computer or word 
processing system. 


At Verbatim, the whole mes- 
sage is quality. We specialize 
in digital data recording media 
and have become the world 
leader by setting the standards 
for flawless, dropout-free 
magnetic media. Every size, 
every format, and available 
everywhere. Order them from 


your computer supplies dealer. 
Simply specify Verbatim. 


For the name of your nearest 
Verbatim distributor, call: 


800-538-1793 
In California call: 
(408) 737-7771 collect 


Verbatim Corporation 
323 Soquel Way 
Sunnyvale, CA 94086 


In Europe: 

Verbatim S.A. 

Case Postale 296 

1215 Geneve 15 
Switzerland 

Telephone: 41(22) 34-90-55 
Telex: 22647 ITGE CH. 





Another example of 
Gulton electroceramics: 


These bead thermistors are thermally 
biased to provide... 


e extremely fast time re- 
sponse at low temperatures 


® operating temperature 
range from —55°C to 300°C 


@ long term stability 
e@ high reliability 


For detailed product informa- 
tion about these and other 
thermistors—wafers, beads, 
chips or specialized probes, 
call collect: A. M. Giordano 
(201) 548-2800. 


Experimenter kits available 
for your thermistor evaluation. 


gultan. 


Gulton Industries, Inc. 

A dependable supplier of reliable thermistors 
Piezo Products Division 

212 Durham Avenue 

Metuchen, NJ 08840 

(201) 548-2800 
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ZIF side guides reduce board stress 





Metal bars and side rails on a circuit board conduct heat away from DIPs that straddle 
the bars. Locked solidly in the ZIF side guides, the side rails dissipate the heat 
to the card cage. 


A line of zero-insertion-force 
guides for the side of printed- 
circuit boards keep board stress 
low during installation. The 
guides, from IERC, also provide 
a low-thermal-resistance path be- 
tween the boards and the chassis 
in which they are mounted. The 
guides lock the boards firmly into 
position; and thanks to ZIF, the 
boards won’t be scored when in- 
serted or withdrawn. 

Rotating a cam actuator 90° 
opens or locks the ZIF guides, 
which vary in length from 1.5 to 
10.5 in. and accommodate 1/16- 
in.-thick boards. The guides are 
designed to meet military-en- 
vironmental specifications, so 
weight has been kept to just 
0.0126 lb per inch of length. 

The standard finish is a black 
anodize, but chemical-film and 
unplated versions are available 


for applications needing low elec- 
trical impedances to ground. 
Mounting methods include bolt- 
ing, rivetting, eyeletting, epoxy 
bonding and brazing. 

To conduct heat from DIP 
circuits on a board to the side 
guides, IERC offers conduction 
bars and side rails—both made of 
certified, high-thermal-conduc- 
tivity, solder-plated copper. 
Standoffs raise the bars 0.020 in. 
above the board to accommodate 
the DIPs and stiffener ribs. The 
bars can be wave-soldered in place 
with other components. The side 
rails, up to 12 in. long, engage the 
ends of the conduction bars at the 
edges of the circuit board. . 

International Electronc Re- 
search Corp., 1385 W. Magnolia 
Blvd., Burbank, CA 91502. Ed- 
ward M. Byrne (213) 849-2481. 

CIRCLE 304 


lon-beam system boasts 
repeatable accuracy 
An ion-beam milling system, 
MIM-TLA 10, uses a collimated 
ion beam to etch lines and pat- 
terns of less than 1000 A width 
in semiconductors, conductors 
and insulators. The ions are ex- 
tracted from argon or reactive gas 
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plasmas to provide improved mill- 
ing rate selectivity. Use of a col- 


-limated beam results in aniso- 


tropical or unidirectional milling 
for depth-to-width ratios of up to 
10:1. 

Technics IMF, 7950 Cluny Ct., 
Springfield, VA 22158.. (703) 
569-7200. CIRCLE 412 


GOAST-T0-COAST 





Solve your resistor network delivery problems by 
calling your Sprague sales office or stocking distributor. 


Sprague supplies the DIP and 


SIP resistor networks required Multiple Isolated 
by customers like you. This ta- iad i sa 
ble, listing just a few of the V2 pire, 13 Resistors 
more-popular devices, shows Pull-up/Pull-down 

1 ins, 15 i 
how Sprague cross-references tlh ate 


Thevenin Terminator 


with other well-known suppliers. 14 Pins, 24 Resistors 


Thevenin Terminator 
16 Pins, 28 Resistors 





4SR-8118R2 







For your nearest Sprague sales office, call Jim Fitzgerald at 


Sprague Electric Co., Tel. 413/664-4411. For your nearest Sprague ® 
stocking distributor, call Sprague Products Co. Division, S v p 0 ft UE 
Tel. 413/664-4481. | 


THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 





THE MARK OF RELIABILITY 





a subsidiary of GK Technologies 


incorporated 
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Strong walls protect 


delicate circuits 





One-piece construction elimi- 
nates brazed joints, increasing the 
strength and reliability of Solid 
Sidewall microcircuit packages. 
Basic material is 0.04-in. thick 
ASTM Alloy 15 (Kovar). The 
package is gold-plated (per MIL- 
G-45204) over a nickel plate (per 
QQN-290). The package is leak- 
test rated at less than 1 X 10-° 
em? of helium per second. 

Airpax Microcircwt, Woods 
Rd., Cambridge, MD 21618. (301) 
228-1600. 
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Lead straightener 
minimizes jamming 


System 1100, a high-speed axial 
component lead _ straightener, 


uses a set of indexing plates to 
minimize the potential for jam- 
ming. The plates travel at twice 
the speed of the straightening 
roller, allowing the components to 
rotate freely. The unit operates at 
typical production rates of 15,000 
to 18,000 units per hour. A con- 
tinuous cycle drawing of the leads 
to a straight position assures min- 
imum deformation of the leads. 






The system operates automatical- 
ly or under foot-pedal control. 
Options include a lead trimmer 
and a hand-feed chute. 
GTI, P.O. Box 96, Hadley, PA 
16130. (412) 253-3161. 
CIRCLE 325 


Triple core solder 
ends flux voids 


A triple core wire solder, Flow- 
solder, uses a constant flux-to- 
metal ratio to eliminate flux 
voids. A thin solder wall permits 
faster melting, flux flow and thor- 
ough wetting. The material is 
available in all standard diame- 
ters from 0.125 to 0.02 in. with 
flux percentages from 0.5 to 4%. 
Flow-solder is listed under MIL- 
Spec QQ-S-5571E and comes in 1, 
5 and 25-lb spools. 

Fry Metals, 50 Sims Ave., Prov- 
idence, RI 02909. (401) 274-6265. 
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HOW OUR NEW SHIELDING MATERIALS 
CAN HELP GET YOUR BEST DESIGN IDEAS 
OFF THE GROUND. 





It makes a lot of sense to use 
tougher and more resilient EMI/ 
RFI/EMP shielding materials in 
your aircraft and airframe designs. 

That’s why Metex designed 
new PMP silicone P-Strips 
and gaskets. They 
provide both electri- 
cal protection and an 
environmental sealin ~ 
one package. Even | 
when used with conductive 
coated composite materials like 
Kevlar or carbon fiber-filled plastics. 






PMP Tis acalendared material made of a flat piece of 
silicone with knitted metal throughout only one surface. 












Available in widths to 20”. Thickness ranging from .015” 


to .092”. Designed for special configurations such as 


MLTEX 


P-Sections with a very resilient core. 








ELECTRONIC SHIELDING GROUP 
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PMP II has 
material and at both surfaces. 
Compressing the material provides 
conductivity throughout. PMP II is an 
inexpensive, multiple performance, 
multi-purpose gasket which in many 
instances is an excellent substitute for 
silver loaded conductive elastomers. 

Because the wires are buried inside 
the silicone, neither PMP I or PMP II 
acts as an abrasive shield material. 
Life span increased 10 times over 
other equivalent usage gaskets. Prod- 
uct design maintains full integrity of 
the high tensile strength silicone. 

For more information, contact 
Metex Electronic Shielding Group, a 
unit of Metex Corporation, 970 New 
Durham Road, Edison, NJ 08817. 
(201) 287-0800. 

And watch your design ideas really 
take off. 
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DATA ACQU 











UECHOICEOF 
ISITION SYSTEMS 
THE LSI-I1/2 AND 11/23 
NOW FROM ADAC 








When it comes to data acquisition 
systems, there is nothing quite like the 
ADAC Systems 1000 and the new ADAC 
System 2000. 

Both systems can operate as low cost 
peripheral expanders to any UNIBUS 
computer. When incorporating a DEC 
LSI-11/2 or 11/23 microcomputer the 
systems operate as stand alone control 
systems or as remote intelligent 
terminals. 

The compact ADAC System 2000 is 
built to hold 13 half quad cards. If you 
need greater capacity, slave units can be 
utilized or you can go to the larger Sys- 
tem 1000 which accommodates any com- 
bination of 11 quad size cards or 22 half 
quad size cards. Both systems can be 
bench top or rack mounted and have a 
universal power supply that can support 
up to 256 kilobytes of memory. 

The real heart of both System 1000 
and ADAC System 2000 is their incredi- 
ble number of analog, digital, serial 1/O, 
clock, bus and CPU/memory 
cards. Functional analog cards 
communicate directly with ther- 
mocouples, load cells, strain 
gauges, isolation amplifiers, 


transmitters and strip chart recorders to 
name a few. Discrete cards communicate 
with switch contacts, relays, thumb 

wheel switches, pumps, motors and 
other devices. All cards can be pur- 
chased as separate items. 

A single System 1000 can be supplied 
with up to 700 high level analog input 
channels, or 128 analog low level input 
channels, or 700 digital I/O functions. 

A typical ADAC System 2000 contains a CPU, 
64 kilobytes of memory, floppy disc con- 
troller, 16 channel A/D, 4 channel D/A, 

32 TTLI/O lines, two serial I/O ports 

plus room for another six cards of 

your choice. 

Another nice thing about both sys- 
tems is their prices. They start at $995 
for the ADAC System 2000 and $1550 for 
the System 1000. So you can choose 
the combination of price and capability 
that’s just right for your application. 
Contact ADAC for full details. 














CORPORATION 


70 Tower Office Park » Woburn, MA 01801 
617-935-6668 
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PACKAGING & PRODUCTION 





of a wide variety of enclosures to 
house prototype designs. The box- 
es are made of tough engineering- 
grade thermoplastic but can be 
customized with hand _ tools. 
Epoxy-glass Gridboards mount 
vertically or horizontally within 
the enclosures. The boards accept 
IC sockets and other standard- 
lead configuration parts. Two 
sizes of transparent red and 


Modular boxes build 
prototype enclosures 


© 











Unibox, a series of packaging 
components, allows construction 








Power 


Products. 
ois anit 


iy 














We ship all 
popular AC-DC 
power supplies within 
three days ARO. 






Power Products’ exclusive Blue 
Streak Delivery System ensures quick 
shipment of prototype (1-3 piece) quanti- 
ties. So you can power-up a new design 
sooner. 

Choose from more than 50 standard 
supplies, like the popular models shown 









+15V.@200mA 

@ .02% Regulation 

© 0.5mV RMS Ripple/Noise 
e UL Recognized — 

e Two-year warranty $45* 


Output power supplies, featuring all 
popular outputs from 3.6 to 28 volts. Why 
wait? We can put the power in your 
hands in just three days from now! 

Call or write for our free catalog 
before you're pressed for power. Or, if you 
need it now, order today. And ask for 










here. We stock single, dual, and triple Blue Streak Service. 























PM396 


+15V @ 500mA. Regulation: 
+0 05% Line/+0.05% load. 
1.0mV Ripple/Noise. Chassis- 
mount model for use with linear 
IC and discrete analog circuits. 
$78.00* 




















5.0V @ 1A.Regulation: +0.02% 
Line/+0.04% load. 1.0mV RMS 
Ripple/Noise. Built-in overvol- 
tage protection. Powers all 
popular digital logic. $45.00* 


+15V @ 100mA. Regulation: 
+0.02% Line/+0.02% load. 
0.5mV RMS Ripple/Noise. 50 
megohms input isolation. Ideal 
for powering op-amps and 
precision instrumentation. 


$33.00* (“OEM quantity price) 









The Packaged Power Professionals 


CPower Products 


Division of Computer Products, Inc. 


1400 N.W. 70 ST./FORT LAUDERDALE, FLA. 33309 « (305) 974-2442/ TWX 510-956-3098 
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smoke-gray windows allow use of 
LED or incandescent readouts or 
indicators. Opaque panels facil- 
itate mounting of switches, con- 
nectors and potentiometers. Non- 

marring feet protect tabletops. 
Amerex, P.O. Box 2815, Riv- 
erside, CA 92516. (714) 686-1414. 
CIRCLE 327 


Plastic enclosure 
houses AIM 65 uC 


An ABS plastic enclosure 
houses the single-board AIM 65 
microcomputer. The cabinet 
comes with mounting hardware, 
wire and switches. All parts are 
pre-cut and drilled and can ac- 
commodate two additional 
boards. 

Don-El Enterprises, 3261 Mich- 
gan Ave., Costa Mesa, CA 92626. 
(714) 5L6-7481. $49.95. 

CIRCLE 328 


Hand gun dispenses 
hot-melt adhesive 





Polygun AE, dispenses hot-melt 
adhesives at the touch of its trig- 
ger. Since the applicator needs no 
compressed air, it can be used 
anywhere a 110-V power source is 
available. The applicator dis- 
penses adhesives at a rate exceed- 
ing 2 lb/h and does not require 
interim shut-down during periods 
of nonuse. The applicator uses 12- 
in. long Jet-melt cartridges which 
melt on demand. The adhesive 
wets a bonding surface and 
hardens without chemical 
change. 

38M Adhesives, Coatings and 
Sealers, 223-6NE, 3M Center, St. 
Paul, MN 55144. CIRCLE 329 
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SEALEGTROJUM 
simple is 
better | 


A solid, one-piece contact ring does the trick. 
This patented, better idea completely 
eliminates multiple contact assemblies that 
Cause problems. What you see is what you 
get — a quick glance clearly shows the solid 
contact between the plug-over pins. 


And there’s no enclosed housing to trap dirt. 
The floating ring constantly cleans itself and 
assures better and longer electrical 
performance. 


Now — all the advantages of a jumper — 
reliability, no accidental switching, instant 
readout, elimination of solder contam- 
ination—in asimple, better package. 













One-piece high impact 


molding meets U/L 94 V.O. SIG Der ynat COpret 


gold-plated contact ring. 













WITHDRAWAL 
Contact ring elongates 
reducing withdrawal force. 


OPERATION 
Free floating contact 
ring assures maximum 
contact force. 


INSERTION 
Contact ring elongates 
reducing insertion force. 









Hub design assures 
free-float for maximum 
contact action. 


*Patented 


O 


WRITE FOR COMPLETE 


® CIRCUIT COMPONENTS DIVISION INFORMATION .... 


Get full details on the 

SEALEG T Pl Od  eeatcctro jumper line 
. Jumper plugs, jumper 
CORPORATION jacks for various pat- 
MAMARONECK, N.Y. 10543 tern spacings... 


PHONE: 914 698-5600 TWX: 710-566-1110 

ae Sealectro West: 
14011 Vent::ra Bivd., Suite 215, Sherman Oaks, Ca. 91423, (213) 990-8131 
1901 Old Middlefield Way, Suite 19, Mountain View, Ca. 94043 (415) 965-1212 


| SEALECTRO| Sealectro Ltd., Portsmouth, Hants, England 


Sealectro S.A., Zone Industrielle Toulon Est, 83087 Toulon Cedex, France 
CIRCUIT COMPONENTS @® R.F.COMPONENTS & PROGRAMMING DEVICES 
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ALCOSWITCH 


e}ialm el Kore] e-lanlaniiare| 
matrix 


U.S.A.’s first true miniature cross-bar 
switch with provisions for 100 program 
selections on a 10 x 10 matrix. Designed 
for PC board mounting in standard 0.1” 
grid centers. Contains all gold plated con- 
tact surfaces for dependable logic and 
signal level circuit connections. Provides 
a variety of programming, encoding and 
signal routing applications. AMX-1010 is 
available for immediate delivery. One to 
24 lot price is $18.95 including ten gold 
plated shorting pins. Diode pins option- 
ally available at $1.25 each. Use singly, 
in multiples or we will customize to meet 
elt am al:1- eM ae) amelcel-lalateMr-laleMr-lelolid{elar-) 
Talielduit-idlelamme-] (oN WAM cl oton Pa 


p= | co ELECTRONIC PRODUCTS, INC. 
NORTH ANDOVER, MASSACHUSETTS 01845 USA 
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DOES LOW PHASE 
NOISE IN CRYSTAL 
OSCILLATORS MEAN 
ANYTHING TO YOU? 





WE CAN HELP YOU 
WITH STATE-OF-THE-ART 
DESIGNS FOR ALMOST 

ANY APPLICATION! 


CALL OR WRITE 


rt Greenray 
Industries, Inc. 
840 West Church Rd. 


Mechanicsburg, PA 17055 
Phone 717-766-0223 
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9-channel chart recorder 


compensates for pen offsets 





The mechanical offsets that allow the nine pens of the Model 3063 chart recorder 
to cross over each other do not cause any errors in the trace alignment thanks 
to acompensating digital delay line in each channel. 


A nine-pen benchtop multi- 
channel chart recorder conquers 
the two drawbacks common to 
most other chart recorders: They 
either restrict each channel to a 
fraction of the width of the chart 
paper or they introduce offset 
errors to allow all of their pens 
to swing across the full chart 
width. 

In the Model 3063 from Yoko- 
gawa Corp. of America, each pen 
is free to move across the full 250- 
mm width of the chart paper. But 
the mechanical offset that allows 
the pens to cross over each other 
does not cause errors on the 
plotted record, because each chan- 
nel contains a digital “delay line” 
that compensates for the fixed 
pen offsets. 

The delay line is actually an 
analog-to-digital converter fol- 
lowed by a read/write memory 
and then a digital-to-analog con- 
verter. The input signal for each 
channel is digitized, stored for a 
period of time determined by the 
chart speed and the mechanical 
offset of that channel’s pen, and 
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finally converted back to analog 
form and fed to the pen motor. 

The motor positions the pen 
with a maximum error of 0.25% 
of the chart width within less 
than a third of a second. The 
instrument offers 13 input 
ranges, with sensitivities ranging 
from 0.5 mV/cm to 5.0 V/em in 
a 5-1-2.5 sequence. Chart speeds 
of 2, 3, 6, 10, 20, 30 and 60 cem/min. 
and cm/hr are provided. 

The 3063 has excellent noise 
performance. It has a floating, 
guarded and_ shielded input. 
Common-mode rejection is more 
than 140 dB at both the power-line 
frequency and dec. 

The nine-pen chart recorder 
sells for $9600. A six-pen version 
is priced at $7200. These prices are 
about $2000 more than the prices 
of the nine and six-pen versions 
of the Model 3061—a similar re- 
corder that does not provide com- 
pensation for pen offset. 

Yokogawa Corp. of America, 5 
Westchester Plaza, Elmsford, NY 
10528. Jack Stegenga (914) 
592-6767. CIRCLE 321 
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ees ere 
Chase them with GOLD BOOK. Some directories promise more 
than they deliver. You don’t find the products you’re seeking. You 
can’t locate the manufacturer’s address you need. Distributor 
directories have been eliminated. But check ELECTRONIC 
DESIGN’s GOLD BOOK. Here you'll find the World’s Most 
Complete Electronics Directory. Every effort has been made by the 
GOLD BOOK editorial staff to publish a listing on every known 
electronic component, sub-system, and system — and their 
manufacturers. Over 10,000 US and non-US manufacturers are 
listed, many with complete sales outlet listings (sales offices, reps 
and distributors). Two distributor directories (one alpha, one geo) 
and a trade name directory complete the editorial file. Specs on 
thousands of products provided by hundreds of manufacturers 
complement the editorial listings. Every time you need a directory 
— reach for GOLD BOOK. It’s a sure cure for the blues. 


“Over 108,000 Distributed Worldwide.” 
THE WORLD'S MOST COMPLETE ELECTRONICS DIRECTORY 


H Hayden Publishing Company Inc. 


50 Essex St., Rochelle Park, NJ 07662 @ 201-843-0550 
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WE KNOW ALOT 
ABOUT A LITTLE. 


Ground Fault Interrupter Cores, 
for instance. 


High sensitivity in a ground fault interrupter 
(GF1) is essential in eliminating electrical shock 
hazards. Magnetics’ sensing and neutral detector 
cores are available in a wide variety of sizes and 
types to fill almost any GFI circuit requirement. 

For highest sensitivity at 40 gauss and 60 Hz, 
Magnetics’ own Permalloy 80 is ideal, supplied 
as boxed ring cores for differential transformers. 
Magnetics is also the only producer of both ferrite 
cores and silicon-iron strip wound cores which 
meet the various 
circuit requirements 
of the ground-to- 
neutral transformers. 
All cores are quality- 
tested from raw 
material to finished 
product. 

For more informa- 
tion on GFI cores, 
ask for Magnetics 
Bulletin RC-1. Write 
Magnetics, Com- 
ponents Division, 
Butler PA 16001. 





Very special 
specialists 
in GFI cores. 


ff 
MAGNETICS 


ss | 
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SAE’s Multi-Term line of IDC connectors and cable offer a tremendous variety 
of mass termination components and options including jumper assemblies and 
cable harnesses. 











Five major connector styles — socket, DIP, PCB, “‘D’” subminiature, 
edgeboard. 


Exclusive dual locking barbs on each contact. 


Grey or multi-colored laminated ribbon cable — available in 26, 28 or 30 
AWG. 


Delivery from stock — consult your local SAE Distributor. 





e Economy edgeboard connectors with .100”, .125”, .156” contact spacing. 
Dip solder terminals and extra large chamfer board entry make this series 
perfect for low cost requirements. 


¢ MODCON"™ series modular high density receptacle connector designed 
for board-to-board interconnect applications. Features contacts that mate 
with conventional .025” x .025” wiring posts on .100” or .150” center-to- 
center spacing. 


e And more, more! Pierced eyelet terminals — individual contacts — single 


or double row contacts to name just a few. 


For free catalog on complete switch line, circle Reader Service number, or write For free catalog on complete switch line, circle Reader Service number, or write 


340 Martin Avenue 
Santa Clara, California 95050 
(408) 988-0700 


340 Martin Avenue 
Santa Clara, California 95050 
(408) 988-0700 
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Ammeters go foreign 
with 90-Hz adapter 





A clamp-on adapter, Model 10- 
EK, adapts a variety of ammeters 
for 50-Hz amperage readings. 
Line loads from 0 to 300 A can be 
measured instantly, accurately 
and safely, without interrupting 
the circuit. A handy thumb/slide 
switch selects ammeter ranges of 
0 to 6, 12, 30, 60, 120 and 300 A 
at +3% accuracy. The adapter 
operates with Models 310, 630, 630 
PLK and 60 testers. 

Triplett, One Triplett Dr., 
Bluffton, OH 45817. (419) 
358-5015. $388. 
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Serial bus analyzer 
tests 1553 data systems 


RKEKRE EHS 
LKR SEE 
£2 KREBS SSE 
Pee eS eee 





A multifunction serial bus 
analyzer, SBA, tests military 
standard 1553 data bus systems. 
The portable troubleshooting, 
network analysis and simulation 
device is primarily designed for 
avionic equipment operating on 
the internal time-division com- 
mand/response multiplex data 
bus. The tester performs the con- 
tinual test requirements on both 
A and B versions of the 1553 bus. 
SBA monitors and records both 
transmit and receive data; it 
checks basic information and 
flags errors for each active remote 


from Bodine 


Meet a new foreign power: metric motors from Bodine. 
The first American motors made to perform overseas. 


For 75 years, Bodine has been the leader in fractional horse- 
power motors. And our experience shows in our new full 
range of 62 metric motors and gearmotors designed for 
1-170 output watts, 220/240 V, 50 Hz power input. Each is 
engineered to meet most international standards for safety 
and performance. 


You'll also appreciate our foreign service. Our established 
international Distributor network ensures you a ready supply 
of Bodine products whenever and wherever you need them. 
At home or abroad, you can depend on Bodine. 








BODINE 


Small Motors, Gearmotors, Electronic Motion Controls 
For Seventy-five years, “the power behind the leading products”° 


2500 West Bradley Place 
eee hae §=6Chicago, 60618 USA 


Telephone 312-478-3515 Telex 25-3646 


ES Sa ies Cees a ae ae cler eee ets heat 
CIRCLE 87 


Easy to use. . 





. Simply insert 
your TO-220 package into the 
one-piece heat sink and the unique i 

dimple design provides superior retention without the 
need of any accessory hardware. The entire assembly 
can be mounted vertically for those applications where 
space is at an absolute premium. Low-cost 5741 heat 
sinks available in black anodize or gold chromate finish. 
Write today for free samples and our catalog describing 
the most extensive line of heat sinks in the industry. 


AVI 


SEMIS Tel. 603/524-4443 





terminal on the bus. 

Conic Data Systems, 9020 
Balboa Ave., San Diego, CA 
92123. (714) 279-0411. 
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Tester simulates 
power interruptions 


A single-phase power failure 
simulator, PLM-103P, gives ac- 
curate control of the turn-on an- 
gle. The device tests any type of 
equipment up to a maximum of 
15 A rms on power lines from 115 
to 240 V rms. Power interruption 
can be from 1/2 cycle to 999 half 
cycles, controlled by an operator 
with manual or auto mode. Power 
interruption occurs at current 
zero-crossing to the load. Power 
restoration occurs from 1 to 179 
degrees. 

Bermar, 115 Vine St., Nashua, 
NH 038061. (603) 888-1300. $890; 2 
to 4 wks. 
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Low-cost/Clip-on __ 
Heat Sink for TO- 220 
Packages 








AAVID ENGINEERING, INC. 
130 Cook Court, 

Laconia, 

New Hampshire 03246 


CIRCLE 88 


~The Associate 
Producer. 


SAD) IRO) 


Receive-Only Printer 





High-quality 6-part 
forms printing 


132-character wide, 
adjustable carriage 


Device forms 
control (optional) 


_ Terminal status control panel 
indicating column, error codes, 
and configuration parameters 


The OMNI 800* Model 820 RO 
Printer has the same designed re- 
liability as its associate, the 810 RO. 
With more standard features and 
options like expanded and com- 
pressed printing, the 820 RO offers 
greater flexibility for additional ap- 
plications. And, should application 
needs change, the 820 RO is easily 
upgraded to a KSR model for a mod- 
est cost. The productive 820 RO 
Printer has all the quality and 


TEXAS INSTRUMENTS 















150 cps optimized 
bi-directional printing 


juste 


110 to 9600 baud 
transmission speeds 


performance you associate with the 
OMNI 800 Family. 

Tl is dedicated to producing 
quality, innovative products like the 
Model 820 RO Printer. TI’s hundreds 
of thousands of data terminals 
shipped worldwide are backed by 
the technology and reliability that 
come from 50 years of experience, 
and are supported by our worldwide 
organization of factory-trained 
sales and service representatives. 








9x7 dot matrix full 
ASCII printing 


21-character operator- 
programmable answerback 
memory 


Operator control keypad 
for user configuration 


1280-character buffer 


For more information on the 
820 RO, contact the TI sales office 
nearest you or write Texas 
Instruments Incorporated, PO. Box 
1444, M/S 7784, Houston, Texas 
77001, or phone (713) 937-2016. 
In Europe, write Texas Instruments 








Incorporated, [Fifty Years 
M/S 74, BE. = Innovation 
Villeneuve- 


Loubet, 06270, 
France. 


ig 


*Trademark of Texas Instruments Copyright © 1980, Texas Instruments Incorporated 





We put computing within everyone’ reach 
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uC speeds autoranging 
in 3-1/2 digit DMM 


A microcomputer, built into the 
3-1/2 digit multimeter Model 
2845, automatically selects the 
proper range without the slow 
“hunting” action common to some 
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earlier autoranging meters. Once 


the 2845 is connected to a circuit, 
the microcomputer instantly ana- 
lyzes the applied signal and 
selects the range which provides 
the greatest resolution. When the 
input level exceeds the range in 
use, an “auto-skip” feature puts 
the meter on the next highest 
range. Range selection is per- 
formed by ultra-low power reed 
relays. Basic de accuracy of the 
unit is 0.1%. The LCD digits meas- 
ure 0.5 in. 

B&K-Precision, 6460 W. Cort- 
land St., Chicago, IL 60635. (312) 
889-9087. $175. CIRCLE 333 





Bus interface links 
time/amplitude test set 


A time and amplitude test set, 
Model 6125C-Option 60, adapts to 








automatic test and calibration 
systems via its IEEE-488-1978 in- 
terface bus. The portable, light- 
weight instrument performs a va- 
riety of tests for calibration of 
oscilloscopes (up to 500 MHz), 
digital frequency counters, spec- 
trum analyzers and basic volt- 
meters. Voltage calibration, main 
and delayed sweep calibration, 
rise-time calibration, frequency 
calibration and related meas- 
urements can be achieved at auto- 
matic testing speeds to reduce test 
time and expense. Various con- 
trollers can be used, including the 
Tektronix 4051, the Hewlett- 
Packard 9825, the Wang 220 and 
the Commodore PET. Although 
designed for operation in an ATE 
system, Model 6125C-Option 60 
offers large LED displays and an 
easy-to-use panel layout for con- 
venient manual operation. 





Ballantine Laboratories, P.O. 
Box 97, Boonton, NJ 07005. (201) 
335-0900. $5950; 4 to 6 wks. 

CIRCLE 334 





Function generator 
takes to the field 






A function generator providing 
outputs from 0.1 Hz to 1 MHz, 
Model 420, operates away from 
the ac line using rechargeable, 
NiCd batteries. Sine, triangle and 
squarewave outputs are available 
as well as de and TTL logic out- 
puts. Signal amplitude is 10-V pk- 
pk into a 600-Q load, and is con- 
tinuously variable by more than 
30 dB. The 420 also has con- 


INSTRUMENTS 


tinuously variable de offset. Fre- 
quency accuracy is +3% of full 
scale from 1 Hz to 100 kHz. 
Sinewave distortion is less than 
1% over a 1 Hz to 100-kHz range. 
An external voltage can be used 
to control generator output fre- 
quency. Model 420D is designed 
for ac or battery operation while 
Model 420A operates from the ac 
line only. 

Simpson Electric, 853 Dundee 


Ave., Elgin, IL 60120. (812) 
697-2260. $175 (420A); $210 
(420D). CIRCLE 335 





Logic analyzer 
prompts user 


A 40-channel logic analysis sys- 
tem, PI 540, guides the user in the 
selection and setup of the best 
analyzer configuration. The in- 
strument is capable of logic state, 
logic timing and waveform re- 
cording functions. All functions 





operate interactively as a total 
data system or as independent 
analysis units. PI 540 is housed in 
a System 5000 mainframe with a 
central processor, a 9-in. raster- 
scan CRT, a protected folding key- 
board and analyzer software. Ten 





differential configurations are 
available to combine 32 channels 
of state, eight channels of timing 
and one analog recording channel. 

Paratronics, 122 Charcot Ave., 


San Jose, CA 95131. (800) 
538-9718. $5900 to $8900; 8 wks. 
CIRCLE 336 





MICROSYSTEMS 





Single-board computer 
operates with dual clock 





Built around an 8085A CPU, the iSBX 80/24 single-board computer contains 4 kbytes 
of static read/write random-access memory onits 6.75 X 12-in. board. 


The iSBX 80/24—a complete 
computer system on a single 6.75 
x 12-in. printed-circuit board— 
contains full interface logic for 
Multimaster configurations and 
two on-board bus connectors for 
expansion. Its 8085A-2 CPU can 
operate at a choice of two speeds: 
either 4.8 or 2.4 MHz. 

The 8-bit 8085A-2, which is soft- 
ware compatible with the Intel 
8080A CPU, contains six 8-bit 
general-purpose registers and an 
accumulator. Along with the 
CPU, the board holds a clock, the 
iSBX bus interface, read/write 
memory, read-only memory sock- 
ets, I/O ports and drivers, serial 
communications interface, priori- 
ty interrupt logic and program- 
mable timers. Multibus logic in- 
terfaces the board with Intel’s 
family of single-board computers, 
expansion memory options, digi- 
tal and analog I/O expansion 
boards, and peripheral and com- 
munications controllers. 

The iSBX bus interface allows 
incremental board expansion 
through two multimodule connec- 
tors for plug-ins. The iSBX 350 
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parallel I/O multimodule board 
provides 24 I/O lines using a 
8255A programmable peripheral 
interface. Therefore, two 1SBX 
modules together with the iSBX 
bus furnish up to 96 lines of pro- 
grammable I/O. 

Alternatively, aserial port may 
be added using the iSBX 351 serial 
I/O multimodule board. Math 
may be configured on-board with 
either the iSBX 332 floating-point 
math or the iSBX 331 fixed/float- 
ing-point math multimodule 
board. 

The 80/24 contains 4 kbytes of 
static read/write memory. In ad- 
dition, the on-board RAM capaci- 
ty may be expanded to 8 kbytes 
with the iSBX 301 4-kbyte RAM 
Multimodule board. All read and 
write operations are performed at 
maximum processor speed. In sin- 
gle quantities, the 80/24 costs 
$1095 and the iSBX 301 costs 
$3250. Both products are avail- 
able now. 

Intel Corp., 3065 Bowers Ave., 
Santa Clara, CA 95051. (408) 


734-8102, ext. 598. 
CIRCLE 307 





Embedded formatter 
controls 4 drives 


An IBM/ANSI-compatible em- 
bedded tape formatter, Model 700, 
provides control for up to four 
tape drives from a single con- 
troller. The board operates at data 
densities of 1600 bits/in. in PE 
and 800 bits/in. in NRZI. The unit 
also provides all the necessary 
logic for writing and reading in 
either PE or NRZI formats. Model 
700 performs all tape drive opera- 
tions, including motion control, 
preamble and postamble gener- 
ation and check and IRG and file 
mark generation. All critical clock 
and delay times are derived from 
a crystal-controlled oscillator. 

Perkin-Elmer Memory Prod- 
ucts, 73801 Orangewood Ave., 
Garden Grove, CA 92641. (714) 
891-3711. $1475 (100 qty); 8 to 9 
wks. 

CIRCLE 337 





Converter stores 
data in buffer memory 


Procon III, a data-merging pro- 
tocol converter, converts 2770 bi- 
synchronous data to an asynchro- 
nous format. The board stores up 
to 32 kbytes of error-free data in 
its buffer store memory. Asyn- 
chronous and bisynchronous data 
input can share a common com- 
puter or terminal input port. The 
bisynchronous protocol provides 
CRC error checking with auto- 
matic retransmission of data 
blocks in which errors have been 
detected. Only error-free data is 
stored in memory. The Procon III 
is suited for merging dedicated 
phone line wire service data with 


a dial telephone link. A compa- 


nion unit, Model BSD-32/0, con- 
verts asynchronous data to 2770 
protocol. 

Epic Technology, 2730 N.W. 
First Ave., Boca Raton, FL 33482. 
(305) 391-8390. 
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_ for miniature audio and pulse transforme 


Our DO-T and DI-T transformers deliver more 50 mw @ 300Hz revealed an actual delve ‘ed p 


power for their size than any competing product less vee hen: 7% distortion. 
on the mamet : . 


, : are sattern: Ultra 
ars and NGUCTOTS fo 








Floppy controller 


adapts to media 





A floppy-disk controller card, 
FO2CTR, identifies a drive and 
disk formats—all automatically. 
The controller emulates DEC’s 
RX02 and plugs directly into an 
LSI-11 backplane. The controller 


identifies a drive as either one or 


two-headed and establishes the 
correct stepping rate and other 
control signals. In addition, the 
FO2CTR automatically recognizes 





it’s 


sanforized’ 





ACTUAL 
SIZE 


As hard as we tried, we couldn't shrink our new line of micro-miniature 
DC-to-DC converters any smaller than we've shown above...actual 
size. So, if you've been trying to fit one of those maxi-sized converters 
onto your PC board, then take a look at our new juPOwer=DIP 
converters! 


The specifications are excellent, by anyone’s standards...and conser- 
vative, too. juPOwer=DIP converters are available with input voltages 
of 5, 12, 24, 28, 48 or 50. Dual Tracking Regulated Outputs with 
isolation >100 Megohms @ 500VDC and Non-isolated Dual Regulated/ 
Unregulated Outputs are available in voltage ranges of 5, 12 and 15 
with up to 1.5 Watts out. Efficiencies range from 55 to 80%, to keep 
you ahead of the game! 


But, you say your circuit runs off a battery supply? 

juPower=DIP converters are also available with an input variance of 
+3 to +7VDC...just perfect for those battery applications and they 
can provide up to 1.25 Watts out at an efficiency up to 80%. And 
they're not expensive, either. 


Thick-film hybrid micro-electronics, made in the U.S.A. No short-cuts 


and they're practically fool-proof. 
juPower-=DIP 


@ integrated Circuits Inc 
BELLEVUE. WA 98005 









If you've got a converter need... 
We've got a converter for you! 
Write or call and ask for data sheets... 





Talaslelarchaxsre mn @l| melel incu alee) elela-iase 


a] 
(206) 747-8556 * 13256 NORTHUP WAY « BELLEVUE, WA 98005 ¢ TWX 910-443-2302 
ER RS BEE SEGRE TE EEL EAS EE PPA ES 


SANFORIZED® IS A REGISTERED TRADEMARK OF CLUETT, PEABODY & CO., INC., NYC 10036 
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single or double-density formats. 
A 512-byte hardware bootstrap is 


built into the controller’s LSI-11 


interface section. The bootstrap 
program loads system software 
automatically from a single or 
double-density diskette, eliminat- 
ing need for a separate bootstrap 
board. 

Advanced Electronics Design, 
440 Potrero Ave., Sunnyvale, CA 
94086. (408) 733-3555. $1170; 4 
wks. CIRCLE 339 


MPU works alone or as 
peripheral master 
ree 





A microcomputer board, based 
on the Z8001 microprocessor, 
functions as a stand-alone micro- 
computer or as the master in a set 
of several peripheral boards. The 
Z8000-MPU’s economical stand- 
alone performance is made pos- 
sible by 32 kbytes of on-board 
RAM with parity protection, 8 
kbytes of additional ROM or 
PROM space, two flexible com- 
munication channels and a real- 
time clock for managing multi- 
tasking software environments. 
The board uses a Z80A-SIO con- 
troller to incorporate two, high- 
speed channels for a communica- 
tions subsystem without the need 
for additional boards. Each chan- 
nel is individually programmable 
to support synchronous or 
asynchronous protocols. Other 
features include a parity-error de- 
tection circuit, pin and socket con- 
nectors, three types of interrupts 
and three LED displays to in- 
dicate CPU status. 

Zilog, 10840 Bubb Rd., 
Cupertino, CA 95014. (408) 
446-4666. $2295. CIRCLE 340 
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Resonance-Free 
to 34 GHz. 





Affordable 
Amphenol’'APC-3.5"Connectors: 


oe When performance is critical 
warcn = Ss above 18 GHz. 


Amphenol APC-3.5 Connectors bring coax convenience to the 
traditional waveguide system. A wide choice of plugs, jacks and 
adapters that exhibit resonance-free, low VSWR performance to 

34 GHz is available. All at a price low enough for their use in 








APC-3.5 


i eae ~,. typical applications. | 
Fe fon The rugged APC-3.5 has a wide (.020-in.) radial shoulder on the 
APC-3.5 % outer conductor that provides high reliability and repeatability 


to APC-7® after hundreds of matings. 


<—— Low leakage is assured because of the high contact force 
that can be applied to the wide gold-plated beryllium-copper shoulder. 

The APC-3.5 can improve performance of existing systems merely by 
changing from SMA connectors. No system redesign is necessary, since 
the APC-3.5 mates directly with the SMA connectors. 


Adapters, For more information, call the sales office or distributor nearest you. 


actual size 


AMPHENOL NORTH AMERICA 


A Division of Bunker Ramo Corporation 


Amphenol North America Division Headquarters: Oak Brook, Illinois 60521 


Sales Offices: Atlanta (404) 394-6298 * Boston (617) 475-7055 * Chicago (312) 986-2330 « Dallas (214) 235-8318 * Dayton (513) 294-0461 
Denver (303) 752-4114 « Greensboro (919) 292-9273 * Houston (713) 444-4096 * Indianapolis (317) 842-3245 * Kansas City (816) 737-3937 
Knoxville (615) 690-6765 « Los Angeles (213) 649-5015 * Minneapolis (612) 835-4595 + New York (516) 364-2270 » Orlando (305) 647-5504 
Philadelphia (215) 732-1427 « Phoenix (602) 265-3227 * St. Louis (314) 569-2277 * San Diego (714) 272-5451 * San Francisco (408) 732-8990 
Seattle (206) 455-2525 « Syracuse (315) 455-5786 * Washington, DC (703) 524-8700 

Canada: Montreal (514) 482-5520 »* Toronto (416) 291-4401 * Vancouver (604) 278-7636 * International: Oak Brook, Illinois TELEX 206-054 
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Tester automatically gives go/no-go to isolate faults 


A portable go/no-go tester 
quickly isolates data-comm net- 
work problems to the malfunc- 
tioning element. By simulating 
either the data-comm or data- 
terminal equipment, as needed, 
Tektronix’s programmable 834 


Data Comm Tester verifies the 
performance level of individual 
network elements or of acomplete 
data communications channel. 
The instrument performs many 
standard error-checking proce- 
dures, including those for bit and 


Real-Time Transient Storage 
with the new LeCroy WD8256 Waveform Digitizer. 
For under $5,000*, you can now analyze complex 
and fast transient signals with the precision of 
instruments selling for over twice the price of 
LeCroy’s WD8256. And with advanced features 
you won't find elsewhere, whatever the price: 


@ 25 ps aperture certainty @ 20 megaword/second 
digitizing rate @ GPIB, RS-232C and parallel 
binary |.0.@ Data transfer to 5 megaword/second 
® Chart record and display outputs @ Pretrigger 
ecTelel collated BOC ledelr melita BOlelit: Male le: 
oCEWE Bi ileigelelcele-tttelmlaliigtiil-lalmeelalice) 

BAVei Cour) ilem-t-1h ea (t-1@-laleMelt-lelalelti [ory 

Call or write for details. 


LeCroy 


LeCroy Research Systems of California 
1806 Embarcadero, Palo Alto, CA 94303 
(415) 856-1800 TWX: 910-373-1791 


“Domestic Price, single unit quantities 
Subject to change without notice. 


AUTO TERT 
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block error rates, 16-bit cyclic re- 
dundancy, 8-bit longitudinal re- 
dundancy and 16-bit blocks. 

For convenient operation in the 
field, the 834 uses a family of 
ROM packs containing test rou- 
tines for common line protocols. 
The ROM packs can be prepro- 
grammed at the factory for the 
test set and program sequence to 
troubleshoot specific equipment. 
After inserting the appropriate 
ROM pack, the service technician 
calls the program into the set and 
presses the START key. The instru- 
ment does the rest automatically. 

The program sequence in the 
test set is programmable in re- 
sponse to commands such as: 
Compare; Wait; Halt; Send; Re- 
ceive; Jump. 

The set is configurable to match 
the parameters of many data- 
comm networks. The operator can 
select general synchronous or 
asynchronous operation or HDLC 
protocol control. 

Data rates up to 19.2 kbits/s, 
full or half-duplex operation, Hex, 
ASCII, EBCDIC or user-defined 
codes are available by pressing a 
button that scrolls through the 
choices. The base price of the 834 
is $3700; delivery is in August. 

Tektronix, Marketing Commu- 
nications Dept., P.O. Box 1700, 
Beaverton, OR 97075, (1-800) 


547-1512. 
CIRELE 303 
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Double Density Single Density Double Density Single Density 
Inverted Bus Inverted Bus True Bus True Bus 


Everything you’ve always needed 
to interface with a floppy 


Western Digital’s 179X Family of Floppy Disk Controllers pro- 
vide the flexibility needed to interface with single and double- 
density Drives. Whether you choose IBM or non-IBM formats, 
mini-floppy or 8” drive, single-sided or double sided, we have 
the controller to do the job. And with its 11 powerful macro- 
commands, your CPU can spend more time processing the 
data it reads, rather than trying to read it. 


WD1691 Reduces board space 


With our new WD1691 Floppy Support Chip, we’ve reduced 
your component count even more. A Phase-Lock-Loop data 
separation and write precompensation circuits are provided, 
reducing discrete logic to a minimum number of components. 
The 179X, 1691, and 2143 clock generator are all offered as a 
chip set. The results are lower component costs, less board 
space, less design time, and a higher degree of reliability. 


REGIONAL OFFICES: 

Western North Central Southern Northeastern 
Newport Beach, CA Des Plaines, IL Dallas, TX 

(714) 851-1221 (312) 635-6090 (214) 386-9450 (617) 631-6466 


WESTEFANM DIGITAL 


Floppy Double Density Double Density - 





The ONLY Family 
that delivers complete 


Floppy Control. 





= 
= 


Support Double-Sided Double-Sided 
Logic Inverted Bus True Bus 


FD179X 
WD1691 


WD2143-01 


CORPORATE OFFICE: 
European Newport Beach, CA 


Marblehead, MA London, England (714) 557-3550 


01-542-1035 TWX 910-595-1139 


3128 Redhill Avenue, P.O. Box 2180, Newport Beach, CA 92663 ® (714) 557-3550 
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WELLS ELECTRONICS, INC., 
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Downconverter pulls in 
satellite video 


An earth terminal downcon- 
verter, ACA-4200, accepts satel- 
lite downlink signals in the 3.7 to 
4.2-GHz band. The unit is op- 
timized for satellite-relayed video 
standards of 36-MHz video 
bandwidth with a 6.2 or 6.8-MHz 
FM aural subcarrier. Nominal 


New... 
Improved Design! 


conversion gain is 11 dB; SSB 
noise figure, 13.5 dB. The down- 
converter includes a 4 local os- 
cillator multiplier. The user sup- 
plied + 9.5 dBm LO signal is in the 
800-MHz range for better stabil- 
ity and lower noise. Front-end 
bandpass filters minimize out-of- 
band response and_ generally 
eliminate the need for additional 
preselection. 





Costly |/Cs Need Our 
“Zero-Insertion-Force’”’ 
Production Sockets! 


® Improved socket opens easily, retains device with 
50% greater force than original design! 
® No tools — or screwdrivers — necessary for opening 


or closing socket. 
@ I/Cs literally ‘‘drop”’ 
lead damage! 


into open socket — no 


® Positive-wiping, dual-leaf contacts provide true 
reliability when socket is closed. 
® New design now available for 24- and 40-lead 


production applications. 


The device literally “drops” into position! 


—a_ Normally 
Open Contact 


Terminal necessary. 








oe, Unique, patented, 2-piece construction of the new 
. **504”’ socket lets you ‘‘drop’’ your device into open 
Lid contacts. To close contacts completely, simply push 


the socket lid down to the base. You get a retention 
force of over 75 grams per pin! Yet the ‘‘504’’ socket 
>™ Base is easy to open — no tools or screwdrivers are 


Call 219/287-5941 
for info about our 
Series ‘‘504” Socket 


1701 S. Main, So. Bend, Ind. 
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Avantek, 3175 Bowers Ave., 
Santa Clara, CA 95051. Jim Lin- 
dauer (4.08) 727-0700. Under $1000 
(small qty); 8 to 9 wks. 

CIRCLE 354 





Rf transistor supplies 
40 W for mobile use 





A six device rf transistor fami- 
ly, designated DMB, supplies 
from 5 to 40 W for use in 800-MHz 
transmitters and cellular tele- 
phone systems. Each device oper- 
ates from 12.5 V and provides full 
output over the entire 806 to 866- 
MHz band. Since the transistors 
are common-base devices with in- 
put matching, designing with 
them is simplified. 

Communications Transistor, 
301 Industrial Way, San Carlos, 
CA 94070. (415) 592-9390. 

CIRCLE 355 


Modems take data on 
metallic/optic paths 


Stand-alone data links, for in- 
house and in-plant interconnec- 
tion, use Bit-Driver hard-wire or 
fiber optic modems. The short- 
haul modems offer simplex and 
duplex asynchronous communi- 
cations at data rates up to 56 
kbits/s. Range is up to 15,000 ft 
for metallic links and up to 6000 
ft for optical routes. RS-232C 
molded cable assemblies and 
metallic or fiber optic intercon- 
necting cables are available. Cost 
of a complete system is dependent 
on the type and length of intercon- 
necting cable. 

Belden, P.O. Box 1827, Rich- 
mond, IN 47374. (317) 966-6661. 
$195 (wire); $280 (optical). 

CIRCLE 356 
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Push-pull VMOS FETs 
push power to 200 MHz 





Three rf power devices combine 
the advantages of VMOS design 
with the benefits of a push-pull 
configuration. The devices oper- 
ate from 2 to 200 MHz, delivering 
120 W (DV1112), 80 W (DV1111) 
and 40 W (DV1110). All three can 
be operated in Class A, B or C 
service. The push-pull design can- 
cels even-order harmonics. VMOS 
devices give high efficiency, a low 
noise figure and the ability to 
withstand an infinite VSWR. In 
addition, the problem of thermal 
runaway is eliminated. VMOS 
circuits can be paralleled without 
fear of current hogging. Two 
VMOS transistors in one push- 
pull package reduce amplifier size 
and allows direct connection of 
impedance matching trans- 
formers. 

Siliconix, 2201 Laurelwood Dr., 
Santa Clara, CA 95054. (408) 
988-8000. $96 (DV1112); $64 
(DV1111); $32 (DV1110) (100 qty), 
stock. CIRCLE 413 


Matched optic data link 
ties computers together 


Hybrid fiber optic transmitter 
and receiver modules, HLT-10 
and HLR-10, simplify the design 
of data links between mini- 
computers. A user simply screws 
a terminated fiber cable into the 
modules to complete installation. 
Data link bandwidth is 10 kbits/s 
to 10 Mbits/s at a distance of up 
to 2 km on single-fiber cables. The 
modules mount directly to a PC 
board. Basic Manchester encoding 
satisfies input requirements. TTL 
buffering allows direct connec- 
tion to existing logic circuitry. 

Galite, 2 Tower Dr. Wall- 
ingford, CT 06492. (203) 265-7126. 





The new phase — 
meter to take the fourth 
dimension digitally. 


Its aWiltron. 


Wiltrons Model 355B Digital Phase Meter accurately measures the phase. ; 
difference between two signals. Signal frequencies can fall anywhere between _ 
10 Hz to about 5 MHz with performance specified to 2 MHz. Measurement 
accuracy is typically within 0.1° 
Two signals of greatly varying amplitudes can be measured over a combined 
dynamic range of 112 dB, 66 dB (1 mV to 2V or 0.2V to 400V) per channel. 
For maximum accuracy, an error sector indicator guides the user to select the _ 
appropriate display range. Measurements are always made at optimum test settings. 
_ Display is 4-digit LED. A voltage proportional to phase output iS provided for 
remotedisplays. ©} _ 
_ Price a the Mod 355B is $2150. For complete te 
inf 3S WV oe. Middlefield Road, 
: | . WILTRON 
910-379-6578. = , 
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Save Your Copies of 
Electronic Design 


in handsome 
library files or binders 


UBISOG I1U01198)3 


~s 

z# 
RS 
gong ; 


Keep your valuable copies neat and organized for ready reference. 
Each rugged case or binder holds half a year’s issues. Richly covered 
in dark green leatherette and embossed with 16K gold lettering — 
a handsome and practical addition to your bookshelf or desk. 


Mail to: Jesse Jones Box Corp. Box 5120; Philadelphia, Pa. 19141 ED 
Please send me: Library Cases at $4.95 each; 3 for $14; 6 for $24, postpaid. 
Binders at $6.50 each; 3 for $18.75; 6 for $36, postpaid. 

(Add $1. each outside U.S.A. to cover additional postage and handling) 

Check or money order (U.S. funds) for $ enclosed. 











Name (Print) _-_-___- ESS 


a. 


Company _.- > 


YP 
cy: 
Q 
oe 
fae) 
” 
op) 


City/Province 
State/ Country 
Zip or Postal Code No. 
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j Satisfaction guaranteed or money refunded. Allow 5 weeks for delivery. 
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Dissipate more heat on 





_ Availa M quantitie 
with integral 8 Hz AC tach: 
efficiency, long life and lo 


dense PC boards. 


Low profile, high dissipation 

heat sinks from EG&G 
Wakefield Engineering are 

ideal for applications where 

TO-3, TO-66, or TO-220’s 

are mounted on crowded 

PC boards. The unique shape 

of these heat sinks permits 

closer component placement while 
still providing maximum surface 
area for excellent heat dissipation. 
These aluminum alloy heat sinks 
are available in either plain or 
black anodized and provide 

the highest power dissipation 

per unit cost. Compatible 

with both metal and plastic 

cased semiconductors. 

Currently in-stock and com- 
petitively. priced. That's 

why ...if it has to do with heat 
dissipation . . . people throughout the 
electronics industry call us. 


es EGcG WAKEFIELD ENGINEERING 


60 Audubon Road, Wakefield, MA 01880 617/245-5900 
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t 30 pc motor 
1eter provides high 
alectrical interference 


and mechanical noise. Available with 
AMP 110 terminals. 30mm dia., 48mm long. 


e Varistor ring and high quality brush material 
for low electrical noise 


e 2 Vrms AC tach output controls speed 
e Maximum efficiency more than 60% at 12V 
e 7 slot core for smooth operation 


SPECIFICATIONS 
Rated Voltage: 12V 


Rated Load: 


Rated Speed: 
No Load Speed: 6450 rpm 


For complete 
technical information: 


Canon 





No Load Current: 115mA 
Starting Torque: 280g-cm 
75g -cm Stalled Current: 1800mA 
4700+500rpm Motor Regulation: 23 rpm/g-cm 
Rotation: CCW 


Canon, U.S.A., Inc. 

Electronic Components Div. 

10 Nevada Drive, | 

Lake Success, N.Y. 11042 
516/488-6700 Telex: 96-1333 
Cable: Canon USA LAKS 


CIRCLE 107 


COMMUNICATIONS 





Tiny filters save 
circuit space 





Ultramin Series filters require 
little space on crowded circuit 
boards. Designs are available in 


bandpass, low-pass, high-pass 
and bandstop types in TO-5, TO-8, 
stud-mount and rectangular met- 
al packages. Frequency range is 
10 to 1000 MHz. A 12-section filter 
occupies only 0.31 in.* of space. A 
typical 0.01-dB Tchebychev or 
Butterworth response is standard 
with Guassian, Bessel or linear 
phase responses available on spe- 
cial order. Bandpass filters are 
offered with 3-dB bandwidths 
from 2 to 70% of center frequency. 
The requirements of MIL-E-5400 
and MIL-STD-202 are met. 
Wavetek, 66 N. First Ave., 
Beech Grove, IN 46107. (817) 
783-3221. CIRCLE 357 





DTMF filters give 
designers a choice 


Two DTMF group filters offer 
the designer a choice of built-in 
hard limiting (8040/41A) or a 
filter without a limiter (3044/45). 
Both types work with most digital 
detectors, including Rockwell’s 
CRC-8030, Mitel’s MT 8820 and 
Mostek’s MK 5102. The 8-pole 
bandpass filters (one each for low 
and high group) feature wide 
dynamic range, more than 40-dB 
attenuation between groups, 
greater than 55-dB dial-tone re- 
jection and less than 2-dB 
passband ripple. 

ITT North Microsystms, 700 
Hillsboro Plaza, Deerfield Beach, 
FL 33441. (805) 421-8450. 
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PERFORMANCE CLOSE TO PTFE/GLASS, 









AT A PRICE CLOSER TO EPOXY/GLASS 


When you're looking for high performance in PCB’s— For full data on UDEL Polysulfone for PCB and 
particularly in high frequency applications—a poly- other electric/electronic applications, use the coupon 
sulfone substrate can give it to you at far less cost than _ below or the reader service card. 

PIFEi glass sPolysulfone has ‘exellent elegiicais low. Te Oo OS ee reer ee 
dielectric constant and low dissipation factor for low UNION CARBIDE CORPORATION 


Engineering Polymers, Dept. PED 2-680 
270 Park Avenue, New York, NY 10017 


I'd like to get high performance in PCB’s at lower cost. 


loss (see graph). It withstands hand and wave solder- 
ing (500°F. bath for 5 seconds). 


Polysulfone can be easily extruded for PCB sub- Please send me bulletin on UDEL Polysulfone. 
strate, and easily drilled. Copper-clad laminate of atic 5 ee ec ee 
polysulfone has good peel strength and low z axis Gamneaay 
expansion. It can be processed by subtractive, semi- diac 
additive and fully additive processes. (Copper-clad City 
sheet is available from Norplex.) State Bis a re 


. ® j j j j j 
You can also mold polysulfone for PCB’s with UDEL® is a registerd trademark of Union Carbide Corporation. 


standoffs, holes of all sizes, and in almost any shape— PEOPLE PLANNING THE FUTURE. 


to save finishing and machining time. 
UNION 
CARBIDE 






And cost is modest. Tektronix saved $120,000 
annually by switching from polyphenylene oxide to 


extruded UDELL’ Polysulfone. Engineering Polymers 
CIRCLE 108 
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Modem takes 9600 baud 
data up to 10 miles 





An asynchronous modem for 





GEM TECHNOLOGY IC 


short-haul data communications, 
Model Z9600, sends 9600 bits/s 
data up to 10 miles. The unit 
automatically adjusts to baud 
rates and indicates transmit/re- 
ceive status. Self-test and pro- 
vision for RS-232 interface are 
included. Model Z9600 has pro- 
vision for two-wire and four-wire 
hookup with simplex or full and 
half-duplex operation over tele- 








BREECH) OK 


1649 17th Street, Santa Monica, Ca. 90404 
CIRCLE 109 


phone or private lines. Power re- 
quirement is 120 V ac, with 220- 
V, 50-Hz operation available as an 
option. Cabinet and rack- 
mounted versions are available. 

Madzar, 37490 Glenmoor Dr., 


Fremont, CA 94536. (415) 
794-7400. $117 (50 qty); 4 wks. 
CIRCLE 359 


EE NIE TN SES IIE TE SERED Ei TEA RT DR 
Direct-connect modem 


works without operator 
A direct connect modem, M103- 
A, receives and transmits in- 
formation automatically, without 
the aid of a terminal operator. A 
data link can be established dur- 
ing early morning or evening 
hours to reduce phone costs. The 
originate, answer, auto-answer 
modem is compatible with Bell 
103A and 118B modems and con- 
nects directly to the telephone 


‘network via an RJ11C modular 


phone jack. The unit operates 
from 0 to 450 baud and connects 
to terminals through an RS-232 or 
20-mA interface. 

Modtech, 1958 Helsinki Way, 
Invermore, CA 94550. (415) 
4h?-93849. $316. 

CIRCLE 360 





High-level noise module 
covers 0.5 to 1 GHz 


A high-level noise module, 
NOD45, covers a range of 500 to 
1000 MHz. Minimum output is 
—82 dBm/VHz across a 50-2 load. 
Peak factor is greater than +12 
dB. The module stays stable over 
a 10 to 50-C range with a tempco 
of 0.01 dB/°C. Long-term drift, 
after warm-up, is less than 0.05 
dB/25 h. The noise output is 
through an SMA connector while 
solder lugs are used for bias. The 
module’s housing measures 9.9 X 
4:4 :X.,1.5.in. 

Micronetics, 36 Oak St., Nor- 
wood, NJ 07648. (201) 767-1320. 8 
wks. CIRCLE 361 
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multi-output, mini switcher. 


Now you have a full-featured, switching power 
supply with all the quality and reliability of bigger, 
more expensive units without all the cost... 
Motorola’s 50 W to 65 W, OFS65, open-frame 
switcher family for terminal, display, MPU and 
other low-power system applications. 


Less parts, more MTBF. 


Cooler and more efficient than equivalent 
linears, parts count is about 20% less than similar 
switcher types—also a key cost-reducing element. 
No fans are required for cooling the design which 
boasts about 2 W output per cubic inch. Efficiency 
for the triple-output unit is approximately 65%. 


Full protection for self and system. 


Small and lightweight (about 20 o2z.), the OFS 
series is fully self-protected from abuse at output 
terminals. Shorts and opens can’t damage it with 
high, low or in-between input voltages. Overload 
simply causes periodic recycling with normalcy 
restored when overload is gone. 


And if your system’s going to crash due to 
power line failure, it sends a warning signal to the 
MPU to unload volatile memory with output 
voltage remaining within regulation for 32 ms 
after loss of nominal line voltage. That’s about 
twice as long a spec as some others offer. 


Of course, it provides EMI filter on input, soft 
start and reverse polarity protection. 
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Standard, 24-hour burn-in is included with 
reliability ensured through computer-aided, 
worst-case analysis and individual testing of every 
IC and discrete device. 


Excellent line regulation of +0.15% is provided 
on all outputs; load regulation is 1% on all positive 
outputs and 6% on the negative outputs. 


Best of all, OFS published prices are down 
where they should be: $130, 100-249, with very 
competitive quantity pricing. 


Customs, too. 


Other sizes and 
performance ratings are 
available for individual 
needs. 


And you have 
Motorola’s reputation for 
quality, integrity and 
conservative design in 
every one of these new 


Innovative systems 
through silicon. 


errtovtacesveted 


(AA) MOTOROLA INC. 
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CAMBION 
V-LP'IC 
SOCKETS 


Now available in 2 different styles and in 8- to 64-pin 
positions, are Cambion’s new, * Very-Low- Profile 
(.093”) Series 703-43XX IC Sockets: P 

@ROUND-PIN, SOLDER TAB VERSION 
for mounting flush to PC boards. Use also ™ 
as PROM carriers. Adhesive fit. 


» SQUARE-EDGE, WIRE-WRAPPABLE 
VERSION orients each leaf of the 4-leaf 
Beryllium Copper spring contact to engage the 
sides and edges of IC leads for increased 
reliability! Press mount. | 

Machined body provides rigidity for pin 
alignment and for IC insertion/extraction. 
Ask for evaluation samples and the new IC 
Socket Catalog! Cambridge Thermionic Corp., 
445 Concord Avenue, Cambridge, MA 02238, 

_ Cammonw Tel: (617) 491-5400, Telex: 92-1480, 

ween TWX: (710) 320-6399. 


CamBION 
The Right Connection. 
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SHALLCROSS 
Multipole 
Rotary 
Switches! 


ww 


Son lS Jong -Jot-1) Vk dor” 
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Free directory 


of service centers for 
Gould test and measurement 
Instruments. 


Call today for this 
fast reference to all 
23 Gould service cen- 
ters located across 
the U.S. and Canada. 
These service centers 
offer a variety of main- 
tenance programs 
including fixed fee, 
time and materials or 
customer site contracts. | 

For your free directory | 
and information on ser- 
vices, contact Gould Inc.,” 
Instruments Division, 3631 Perkins Ave., 
Cleveland, Ohio 44114. 

Call toll-free: (800) 331-1000. In Oklahoma, 
call collect (918) 664-8300. 








=* GOULD 


An Electrical/Electronics Company 
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WE KNOW ALOT 
ABOUT A LITTLE. 


Tape cores, for instance. 


When it comes to tape wound cores, we 

offer thousands of choices—900 sizes, eight 
materials, seven gauges. Our Supermalloy 
tape cores feature high permeability and low 
loss for such applications as precision current 
and ratio transformers, high-perm inductors, 
bridge lifters, etc. 

We also make bobbin cores from 
Permalloy 80 and 
Orthonol® ultra- 
thin tape. These 
cores are wound on 
nonmagnetic stain- 
tess steel bobbins, 
with core diameters 
down to 0.050”. 

For more informa- 
tion on tape or 
bobbin cores, write 
Magnetics, Compo- 
nents Division, 
Butler PA 16001. 


Very special 

specialists 

in tape wound cores. 
CIRCLE 112 


In addition to catalog items, we 
offer a custom core service. 


| ff 
MAGNETICS 


mss 


A DIVISION OF SPANG INDUSTRIES INC 





IC INSERTION/EXTRACTION KIT Ma 


© MOS-1416 14-16 CMOS SAFE INSERTER | cy. 44.46 EXTRACTOR 


KIT INCLUDES » MOS-2428 24-28 CMOS SAFE INSERTER 
* MOS-40 36-40 CMOS SAFE INSERTER ° ©X-2 24-40 CMOS SAFE EXTRACTOR 


OK MACHINE & TOOL CORPORATION 


3455 CONNER ST., BRONX, N.Y. 10475 U.S.A. 
PHONE (212) 994-6600 TELEX NO 125091 


PRINTED IN UGA. PATENT FENDING 


-MOS-2428 


OOO LLY 


DK MACHINE & TODL CORPORATION 
PSY CONNER $F.. BRLMR HF 1967S BSS 





COMPLETE IC INSERTER/EXTRACTOR KIT 





INDIVIDUAL COMPONENTS 

































MOS-1416 14-16 PIN MOS CMOS SAFE INSERTER 
24-28 PIN MOS CMOS SAFE INSERTER 
36-40 PIN MOS CMOS SAFE INSERTER 
14-16 PIN EXTRACTOR TOOL 
94-40 PIN CMOS SAFE EXTRACTOR TOOL 


MINIMUM BILLING $25.00. ADD SHIPPING CHARGE $2.00. NEW YORK RESIDENTS ADD APPLICABLE TAX. 





OK MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091 
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“a1: LX0520 and LX0620, operate at up 
Monolithic sensors to 100. Ib/in.?, Compatible work- 


, operate to 100 Ib/in.2 ing media include most non-cor- 


rosive gases, fuels, oils, refrig- 
erants and hydraulic fluids. The 
devices are offered in absolute, 
differential and gauge pressure 
types. The 100 lb/in.? transducers 
are available in TO-5 metal cars 
: ® os or ceramic packages. Sensitivity 
Monolithic pressure sensors, _ is 0.2 to 0.8 mV/lb/in.?. On-chip 
pea te ea a, a a en ope ce 





WHY STRUGGLE WITH CAGE ASSEMBLY? 
VECTOR-PAK DOES IT FOR YOU 
COMPLETELY ASSEMBLED-READY TO USE 


OFF THE SHELF 


$146.15 
COMPLETE 


EFP MODULE CAGES 


DT RYeigcu coum Or-1 a0 Mm CIU(0(-¥m Or-(«( ream -VINT TT Ra OF-] de [nated tT at Cage Assemblies -- Cards 
num or plastic. 4-way adjustable connect- mount in 4 std. widths of L panels; 11 
or struts. 6 sizes off the shelf. off-the-shelf cages; 13 module sizes. 


CCK-13 Type $41.32 (1-9) CCM13 $99.55 (1-9) 


CCK3 $39.62 (1-9) CA87HP156 $42.56 (1-9) 


Continuous Card Guide Cages--Alum. Multi-use Cage Kits-- Maximum flexi- 
plate style has 106, .077" wide card _ bility, supplied unassembled in 4 different 
grooves, .150" ctrs. 4 sizes off-the-shelf. models to house cards and/or modules. 


oe) ia 421-128 met) CV (os i a ol) i | <a Wel -@ Ved] Te: PROFESSIONALS 
CALL TOLL FREE 800-423-5659 


Ve 16% GlecteonicCompany)) om AelUl =a -).Xol @-Xel] (en -)-10):1 6 4 CF 


12466 Gladctane Ave. It nos -} doled <-Ye oh an zelel aceli-saal oleh del ane) del-1¢ 
Sylmar, CA 9134 Piicés slibioce + ce without notice. 721079 
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temperature compensation re- 
duces typical span tempco to 0.02 
mV/°C. 

National Semiconductor, 2900 
Semiconductor Dr., Santa Clara, 
CA 95051. (408) 737-5000. Typical 
$30 to $36; stock to 6 wks. 
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eR, 
Avalanche zener diodes 


present low impedance 





Low-voltage avalanche zener 
diodes exhibit sharp knees and 
present a low dynamic impedance 
of between 10 and 75, depending 
on voltage. The devices, available 
in a 2.8 to 10 V range, provide 400 
mV power dissipation and a 1-V 
maximum forward voltage drop 
at 100 mA. DO-7 cases are used. 

Compensated Devices, 166 
Tremont St., Melrose, MA 02176. 
(617) 665-1071. stock to 2 wks. 
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Power p-i-n diodes 
replace hf relays 


A family of power p-i-n diodes, 
KS1001, 1002 and 1003, switches 
1000 W of rf from 2 to 30 MHz. 
The diodes have carrier lifetimes 
of 6 us and distortion more than 
80 dB below the fundamental. The 
parts are designed for switching 
hf transmitters, antenna filters 
and matching networks. In most 
applications, the 1200-V devices 
can replace electro-mechanical re- 
lays. Series resistance is only 0.14 
Q at 750 mA of forward bias 
current. The diodes come in 
plastic packages. 

KSW Electronics, S. Bedford 
St., Burlington, MA 01803. (617) 
273-1730. $1.10 to $1.60 (100 qty), 
8 to 9 wks. CIRCLE 367 
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Some people think the best feature 


of our Digibridges 1s price. 
Otherst Bee ek niance. 








We couldn't agree more. 


One of the biggest problems in choosing an RLC tester is finding the right unit. With the right 


features. At the right price. 


At GenRad, we give you all the choices you nee 


d. Four different Digibridges in four different 


price ranges. No matter what your level of testing, one of them will fit your needs precisely. With the 


performance you need. And the accuracy you want. 


Yet the Digibridge family is economically priced. Because you don’t pay for performance you 


don’t need. 


So take a look at the Digibridge family from GenRad. You’ll find everything you want. Ata price 


you can afford. 


For more information, call toll-free 800-225-7335. In Mass., 617-779-2825. On the West Coast, 
call 800-538-9424. Or write GenRad, Concord, MA 01742. 





1657 RLC Digibridge 


Our 1657 Digibridge gives you everything you need for basic 
RLC testing at a modest $1500. It’s accurate to 0.2%, and lets you 
test at 1 kHzas well as 120 or 100 Hz. The 1657 gives you continu- 
ous measurements at 3 per second and the choice of series or 
parallel measurement modes. 





nent 


1687 1 MHz LC Di gib ri d ge | = — 


Ina 1 MHztester our 1687 gives you 0.1% accuracy 
on C measurements, 0.2% accuracy on L measurements. 
You get most of the features of our 1658: automatic range selection, 
selectable measurement speeds, automatic limit comparison capability, 
external DC bias capability, and more. Like self-check diagnostics. At 
a cost of just $4000. Optionally, you can also get an IEEE bus/handler 
interface, external fixturing and a1.0V rms test voltage. 





1658 RLC Digibridge 


For more critical measurements, our 1658 gives you the 
measurement accuracy of 0.1% at 1 kHz and 120 or 100 Hz. Its 
features include automatic limit comparison capability and select- 
able test speeds for fast error free measurements. Range selection 
is automatic and the 1658 has external DC bias capability, too. All 
for just $3,200. As an option an IEEE bus/handler package for data 
communication and high speed automated testing is available. 





1688 Precision LC Digibridge 


Our top of the line 1688 provides basic accuracy of 0.02%, a 
choice of 254 frequencies from 240 Hz to 20 kHz, anda 1 PPM D 
measurement resolution. Test speeds can be set at .5, 1.5, 3.0 or 
7.0 measurements per second and test voltages at .25V or 1.0V. Of 
course range selection, limit comparison capability and self-check 
diagnostics are also included. And that’s the most performance 
you can buy for $4900. 


GenRad 


Put our leadership to the test. 
CIRCLE 115 





(Prices shown are U.S.A. list.) 
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al 


Electronic Design Editorial Reprints can help 
you spot the trends all year long. 


LJ 101. Designing LSI-based telecommunications _ part series of design engineering articles covering 
systems. A six-part series of design engineering devices from Texas Instruments, National, 
articles. (82 pages) $4.00 Fairchild, Intel and Rockwell. (28 pages) $4.00 


LJ] 102. Lsi for telecommunications design. A two- LJ 106. Designing 16-bit microcomputer systems 
part series on the wide range of new LSI devices with the MC 68000. A four-part series of design 
emerging as the basis for new telecomm systems. engineering articles (20 pages) $4.00 


28 pages) $4.00 
i a L] 107. Programming in Pascal. A six-part series 
LJ} 103. Designing data-communications systems. of design engineering articles. (36 pages) $4.00 


A five-part series of design engineering articles. C] 108 Fiber optics—Assessing a new 


(40 pages) $4.00 
technology. A five-part series on new components, 
LJ 104. The bubble-memory design challenge. cables, and systems applications. (20 pages) $4.00 


A four-part series of design engineering articles i : pace : 
covering devices from Texas Instruments and L] 109. Fiber optics — Designing with a new 


Rockwell, as well as magnetic-bubble system test technology. A five-part series of design 
techniques. (20 pages) $4.00 engineering articles on coding, analog 
transmission, connectors, emitters and 


ES 105. Designing bubble memory systems. A five- terminations. (24 pages) $4.00 


Name 13) 2. Ps I ee ep a i Ee PN ae ee 
Company Address 


City State Zip 


Send to: Electronic Design Reprints, 50 Essex Street, Rochelle Park, N.J. 07662 
Please enclose payment with your order. (New Jersey residents add 5% sales tax.) 
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Tektronix Microprocessor Development Labs 











At boeing, 
forty dedicated systems 


Tektronix 8001s 



















fa Microprocessor Design 
Support Center (MDSC) is 
Boeing’s innovative answer to 
large scale microprocessor 
development. Tektronix 
makes it possible. 





Boeing now supports 
over 120 engineers 
working on 35 projects. 


Before the creation of the 
MDSC, Boeing used a variety of 
different vendors’ stand-alone 
development systems. Each one 
supported only three engineers 
at a time, and more than one 
system was often needed for a 
single project. 

Now, software is developed on a 
DEC PDP 11/70® computer and 
transferred to six 8001 Micro- 4 Dl 
processor Development Labs A. _ 
for in-circuit emulation, : : 
debugging, and prototype 
integration. 

By using one multi-user host 
computer with six distributed 
8001s, Boeing is able to more 
efficiently support 120 en- 
gineers. With 8001s costing 
half as much as stand-alone 
development systems. 











couldn’t do what six 
are doing. 








Development isn’t The world over, Tektronix sup- 

limited by dedicated, ports your team with our team, 
single-vendor systems. _ assisting you with every- 
The 8001 , thing from development 


















system configuration 


supports every planning to training to 


sop peanchapannieonaropanarteeenamanccootaeannrapesceceneeennesinsec ty 
; 


| | Be eas a service. Whether your 

| : Asie fee development plans in 
at §—— beh clude our 8001 
: o choose MDL, or our 
the right : ‘stand- 

| microprocessor for the job. alone 
And whether it’s the Texas 8002A 

: Instruments TMS9900, Evel back 


Zilog Z80A, Intel 8048, 
Motorola 6800, RCA 
1802, or 14 
others — the 
8001 emulates it. Tek’s multi- 
vendor support doesn’t lock 
Boeing into one vendor's family 


you with quality — every 
step of the way. For a closer 
look at Boeing's innovative use 
of the 8001, please call your 
local Tektronix Field Office or 
write to us for our Boeing 


Application Note. 

of microprocessors. 
OG eRe ee 
Engineers get on board pa same 
much faster ae 
Tektronix, inc. 
When every ica a the PO Box 70 
Beaverton, 97075 
same equipment and the same eon gs Gent 
operating system for every proj- Telex: 910-467-8708 
“ ‘ Cable: TEKTRONIX 
ect, it translates into a faster Alrina “Euros 
learning curve. And a more Middle East 
‘ § Tektronix Int'l, Inc. 
efficient, flexible team. European Marketing Center 
; Postbox 827 
For Boeing — 1180 AV Amstelveen 
fi The Netherlands 
Or tor you. Telex: 18312 






Asia, Australia, Canada, Central & 
South America, Japan 

Tektronix, Inc. 

America’s/Pacific 

PO. Box 500 

Beaverton, OR 97077 

Telex: 910-467-8708 

Cable: TEKTRONIX 


Tektronix 


COMMITTED TO EXCELLENCE 


FOR IMMEDIATE ACTION DIAL OUR TOLL 
FREE AUTOMATIC ANSWERING SERVICE 1-800-547-1512 


ene 





Copyright © 1980. Tektronix, Inc. All rights reserved. 871 





always glad 
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we're 
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The Unimax catalog contains 
the industry's widest selection of 
precision, general purpose, mini- 
ature,subminiature and minia- 
ture subminiature snap-action 
switches, as well as toggle and 
push-button switch assemblies 
and metal cased limit switches. 

Literally, a cast of thousands. 

Which isn’t really surprising. 
Particularly when you consider 
that snap-action switches in 
one form or another are our only 


business. 


But what may surprise you is 
our willingness to do something 
special to help meet your needs 
for a non-standard switch— 
whether it be in form, fit or 
Visloaielemcce icc sits 
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in fact, specials” represent a 
large part of our volume. And our 
experienced staff of designers 
and engineers will be pleased to 
work closely with you on the de- 
velopment and production of a 
switch that meets your specific 
requirements. 

t affordable, competitive 
prices. : 

But before you decide on 
something special, take a quick 
look through our catalog. There's 
a good chance you'll find some- 
thing standard that will do the jab. 

For a tree copy of our latest 
catalog of snap acting switches, 
call or write: UNIMAX GWITCH 














Dc/dc converters 
put out up to 4W 






M-Series u-Power dc/de con- 
verters put out up to 4 W over a 
—55 to +85 C range. The 38-pin 
metal package measures only 1 X 
2 X 0.3 in. Inputs of 12, 24, 28 or 
48 V dc provide isolated, dual- 
tracking outputs of +12 or +15 V 
de. Full short-circuit protection is 
provided through fold-back cur- 
rent limiting. 

Integrated Circuits, 13256 
Northrup Way, Bellevue, WA 
98005. (206) 747-8556. 
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Triple-output switchers 
supply 300 W 







res sae 
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Three additions to the RS/RT 
line of switching power supplies 
provide triple outputs for a total 
power of 300 W. The units offer 
isolated auxiliary outputs. The 
input, nominally set at 115/230 V 
ac, can be internally changed for 
180 to 264 V ac. Standard versions 
meet VDE0875 requirements for 
EMI. As an option, the supplies 
will meet the input isolation re- 
quirements of VDE0804. RT305 
offers 5 V at 60 A, 15 Vat4A 
and 12 V at 5 A; RT3806, 5 V at 
60 A, 24 V at 2 A and 12 V at 5 
A; RT307, 5 V at 60 A, 24 V at 
2Aand15V at4A. 

ACDC Electronics, 401 Jones 
Rd., Oceanside, CA 92054. (714) 
757-1880. $550; stock. 

CIRCLE 372 
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Dual-output clock 
reduces parts count 


A compact, dual-output clock 
oscillator saves board space by 
providing multiple frequencies 
from a single device. The os- 
cillator, sealed in a resistance- 
welded miniature DIP, provides 
simultaneous output of two sepa- 
rate frequencies ranging from 250 








at : 


SUBASSEMBLIES 


kHz to 25 MHz. The second fre- 
quency is normally a multiple of 
2,4, 8 or 16 of the first. A TTL 
output is supplied with rise and 
fall times of less than 10 ns. Up 
to 10 TTL gates can be driven 
using an input voltage of 5 V de. 

- Valpey-Fisher, 75 South St., 


Hopkinton, MA 01748. (617) 
435-6831. $8.45 to $11.75 (100 qty). 
CIRCLE 373 


YOU CAN DEPEND ON. 


The Raycorder Products Division of Raymond Engineering Inc. has been building 
cassette/cartridge tape drives for 10 years. We're the small tape drive experts. 
Whatever your choice of media — cassette, mini-cassette, or cartridge — Raymond 
builds a tape drive for all of the standards. 

Whether you require an OEM drive with typical tape recorder interface, a 
standard interface such as RS232C or IEEE 488, a custom interface, or a stand- 
alone system, Raymond builds the configurations that you want. Our software 
driven interfaces provide the flexibility to make this possible. Let us show you how. 






a 


MODEL 6406 





RAYCORDER — Popular 
since 1970, now with all new 


electronics. 


MODEL 6413 


judged. 


Raycorder Products Division 
G Raymond Engineering Inc. 
217 Smith Street, Middletown, Connecticut 06457-(203) 632-1000 








CARTRIDGE RAYCORDER 
— Fast becoming the stan- 
dard by which others are 









MODEL 6409 
MINI-RAYCORDER — A 
proven performer in a tiny 
package — many new fea- 
tures. 


MODEL 6801 
RAYCORDER CASSETTE 
TERMINAL — A stand-alone 
terminal with a virtually unlim- 
ited number of operating 
modes. 








multi 
circuit 

switches 
and relays 







Let Us Solve Your 
Switching Problems... 


T-Bar Multi Circuit Switches and Relays for critical = 
circuits in data processing, dataandvoicecom- —s—~™ 
munications, test equipment, instrumentation,  . 
control and interlock applications. Relays from 4-60 
circuits and switches from 4-144 circuits. Call or 
write for help now. 


pore 
® 


SWITCHING COMPONENTS DIVISION 
141 Danbury Road 

Wilton, CT 06897 

203/762-8351 

TWX 710/479-3216 
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PERIPHERALS 


Dual cart system 
back up Winchester 


ees I 
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A dual cartridge tape sub- 
system, DMN-1, provides backup 
data storage for Winchester 
drives. The DMN-1 also suits tape 
spooling and other mass storage 
requirements. Fully supported 
under DOS and IRIS, the unit 
emulates the NOVA 4030 series 
magnetic tape system. DMA 
transfer rate is 20-k/s. Only 5-1/4 
in. of vertical mounting space is 
required. 

Alloy Engineering, 85 Speen 
St., Framingham, MA _ 01701. 
(617) 620-1710. $2600 (25 qty). 
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Small Winchester eyes 
dual floppy jobs 


A 5-1/4 in. micro-Winchester, 
Model ST506, occupies the same 
space as a minifloppy but with 30 
times the storage. Model ST506 
stores 6.38 Mbytes of unformat- 
ted data and access data in only 
170 ms average. Data transfer at 
5 Mbits/s is also faster than a 
comparably-sized minifloppy. A 
system now using two minifloppy 
drives can be redesigned for one 
micro-Winchester. Voltage re- 
quirements are the same. Drive 
mechanics include two motor as- 
semblies, a head assembly with 
four Winchester heads and a disk 
assembly consisting of two disks. 
Electronics are carried on two, 
easy-to-service PC boards. 

Shugart Technology, 340 El 
Pueblo Rd., Scotts Valley, CA 
95066. (408) 438-6550. $1500. 

CIRCLE 375 
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Set It! Get It! Believe It! 


WITH THE NEW Model 1002 Precision 
Signal Source, you can now have digital 
display of frequency and amplitude with 
crystal stability for under $1,000. You get fully 
synthesized outputs from 1 Hz to 2 MHz with 
1 Hz resolution, amplitude settings to within 
10 mV, all digitally displayed, locked to a 


reference and set with one convenient 
“Spin wheel’ - the Model 1002 has 
PRECISION written all over it. 

Frequency accurate to 1 ppm, amplitude 
accurate to 0.25 dB and clean. IEEE-488 
Interface optional. 


comstron corporation 


200 East Sunrise Highway, Freeport, New York 11520 
516)546-9700 TWX 510-225-3699 
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‘TESTING: 
COME 
WHERE THE 


Power amplifiers to cover the widest 
range of rf testing requirements. Sub- 
octave to ultra-wideband response, 
and gain that’s flat and reliable. 

Take our popular Model 10W1000 
as an example: This compact all-solid- 
state amplifier delivers a true 10 watts 
of linear power throughout a bandwidth 
of 1MHz to 1GHz—three extremely im- 
portant decades of bandwidth in the 
rapidly expanding spectrum of rf test- 
ing. This is the huskiest combination of 
power and bandwidth available any- 
where today. 

AR amplifiers, from 1 watt to 10 kW, 
are unconditionally stable, immune 
7333 © ar 


én rd AMPLIFIER 
RESEARCH 
















even to worst-case load mismatch with- 
out damage to themselves or shutdown 
of the system. And the full bandwidth 

is instantly available—no tuning or sys- 
tem adjustments needed for continuous 
or automatic sweeping. 

When you call AR, the chances are 
very good that we'll have whatever com- 
bination you seek—clean bandwidth, 
output power, linearity as 
needed, pulse capability 
—often in an amplifier 
about half the size of its 
nearest “competitor. ” 


SEND FOR FREE BOOKLET 





160 School House Road, Souderton, PA 18964 
215-723-8181» TWX 510-661-6094 
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Design 
Aids 





Gas-plasma displays 
Comparison specifications of 
Self-Scan single row gas-plasma 
displays are outlined in a four- 
page guide. Burroughs OEM Mar- 
keting. CIRCLE 376 


Electronic hardware 


A laminated 8-1/2 X 11-in. ref- 
erence chart describes electronic 
hardware. R.A.F. Electronic 
Hardware. CIRCLE 377 


Templates 


A designers/engineers tem- 
plate makes designing pneumatic 
circuits easier, using the sim- 
plified air logic symbols system. 
Clippard Instrument Laboratory. 
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Epoxy resins 


A two-page electronic-grade 
epoxy-resin selector chart de- 
scribes one or two-component sys- 
tems and principal characteris- 
tics. A cure guide and a tem- 
perature use guide are included. 
Acme Chemicals & Insulation. 
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Recorders 

The Recorder Book, an eight- 
page guide, assists users in the 
selection of circular-chart, strip- 
chart, multipoint and direct-sen- 
sor recorders. Honeywell Process 
Control. CIRCLE 380 





Temp conversion chart 


How to determine °F or °C 
equivalents for a wide range of 
temperatures is shown in a con- 
version chart. Associated En- 
vironmental Systems. 

CIRCLE 381 
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ew...An Optical Cable Fault Finder . 


That Fits Right lity... 


Times new Series 50 System 
comes in a variety of configu- 
rations to satisfy the needs of a 
broad range of end users. All 
units Provide user-oriented fea- 
tures, like dual pulse width set- 
tings for optimum backscatter/ 
attenuation and length read- 
ings. With a break sensitivity (70 
CB loss...end enhanced) need- 
ed for in-depth troubleshooting. 
But that’s not all... 


The Series 50 offers plug-in com- 
patibility with Tektronix™ S00 
Series mainframes or stand 


May 


OPTICAL CONNECT OR: 


ee THEY care. 
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TRIGGER SHORIAS. 
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alone interfacing with other 
wide bandwidth oscilloscopes. 
It's also available as a portable 
field model with the Tektronix™ 
515 Traveler mainframe. A diver- 
sity of connectorized optical 
interfaces are available, with a 
new coupler that is not only effi- 
cient, but is designed to mini- 
mize mode selectivity. 


An avalanche photodicde 
detector replaces the usudl 
photomultiplier tube, optimizing 
spectral response and over- 
loading characteristics. Plus, it 


CIRCLE 126 


®) ° @) : 
(99S J 00g 54 a. 
Da hits) “a i 
Kos & OPE | 





allows a substantial cost reduc- 
tion...one thats passed along 
tO yOu. 


The Series 50 delivers precision 
measurements in a lightweight, 
compact unit. And there's one 
designed fo fit your needs. To 
find out more, just call us at(203) 
265-8637. Or write Times Fiber 
Communications, Inc., 358 Hall 
Avenue, Wallingford, CT 06492. 





Times Fiber Communications, Inc. 
Wallingford, CT 











ROUND TRIP 8:BIT B 





OUR NEW 8-BIT ADCS 
AND DAC’S GIVE YOU 
A GREAT ONE-WAY 
OR ROUND-TRIP 
PACKAGE, 

ATA PRICE THAT'S 
UNBELIEVABLE. 


Now you can get in and out 
of your uP for the lowest 
fares in town. 








Our AD7574 comes as low as $5 in 1000's, 


and offers specs and features you expect 
only from more expensive hybrids. Our 
AD7524 is priced even lower — $3 in 1000's. 
Take them together and you've gota 
complete, reliable A-D/D-A uP interface 
for only $8. 


OUR AD7574 ISA 

HIGH PERFORMANCE 8-BIT 
ADC WITH SUPER SPEED, 
SUPER SPECS. 


First, we're fast. We use the successive 

approximation technique to give you an 
accurate 8-bit A-D conversion in as little 
as 15 ws. But there’s more to 
high performance than 
speed. That’s why 
our AD7574 has 





its own internal comparator 
so you never have to fiddle 
: : with external components to 
get full 8-bit transfer accuracy. 
And our internal clock oscillator 
runs only during conversion 
for minimal power dissipation. In 
¢ addition, the AD7574’s small 
d 48-pin DIP size, monolithic relia- 
bility, +5V supply, and the low 
power consumption inherent 
in CMOS make it perfect for 
applications in avionics, instru- 
~ mentation and orocess automation. 


DIRECT INTERFACE TOP. 


Our AD7574 has great handshaking ability 
for quick and easy «P interfacing. And all 
conversion operations are controlled by just 
two input aes, CS and RD, available in 
every uP. 
system. 




































With its | : 
three-state & i] 
logic outputs, the AD7574 - 
allows easy connection to 
any «P data bus or system I/O 
port. And to make interfacing 
even easier, you can treat our 
AD7574 just like memory. 






| OUR AD7524 Is AN 8BIT DAC © -aional control and attenuator circuitry, _ 

| _ Other pluses with our AD7524 include sy 
WITH LATCHES, AND | advanced thin-film on CMOS fabrication fo 

: ACCURA aY TOt + 2 ve ob. accuracy to +¥% LSB, single-chip construc- 


tion for increased reliability guaranteed — 
| monotonicity over the entire operating tem 
| perature range, +5V to +15V supply range, 
and a low 20 milliwatt | power Se | 


AND THE PRICE IS RIGHT! 


Bus in with our AD7574. Bus out with our _ 
- AD7524. Or go round-trip with both. No ~ - 
matter which way you go, you won't find — 
Se better fares than Analog’s. Togetallthe 
8 . | facts on these two exciting new fullper- 2 
_We'vetakenoneofour | formance uP-compatible converters, call 
high performance 8-bit Doug Grant or Don Travers at i 


-F9i)9" muttiplying digital-to- = | 17) 935-5565. Or write 
. ” analog converters and | Analog Devices, Inc., 


*” added level triggeredlatches- =| po Box280. Norwood, 
| ™& with on-chip control logic for | MA 02062. ae 
; extended interfacing capabilities. So our “ . - 
new AD7524 can be easily connected to _ fa 
nearly all 8-bit wP’s, as well as I/O ports that 
provide latched data, without the need for 
supplementary circuitry. 
| OurAD7524 also features full four- 
_ quadrant multiplication so it can accept 
_ | both negative and positive variable 
| references—a big plus for applications 
| in h aigitally controlled gain setting, 


| FQ ANALOG: 
| MM DEVICES 


= f AY OUT IN oo = 


| Belgium: 031/37 48 03; Denmark: (02)845800; ts 

| England: 01/94 10 46 6; France: 687-3411; 

| Germany: 089/53 03 19; Japan:03/2636826; 
| Netherlands: 076/879 251; Switzerland: 022/515760; 

__ and representatives around the world. . 
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Bacpa-topjiiencics 


MILITARY KEYBOARD 


“FULLY ARMED” 


BEEFOOPERFLOP! 
That's about all anybody 
will get when they try and 
listen in on a4 message or 
command being 
transmitted by a Key 
Tronic Military keyboard. 


Key Tronic Corporation 
has been supplying the 
industrial and Military 
“Hi-Rel” markets for over 
ten years. 


key tronic 
INTERNATIONAL KEYBOARDS 





Key Tronic’s hermetically 
sealed Reed-Switch is the 
answer to any rugged 
military assignment. 


Write and ask us for more 
information about our 
“Fail-Safe Plan”, “Spy 
Proofing”, “Targets” and 

Ma OIcD CAIALGLS I 3151616) G6 Oe 


Key Tronic knows how to 
keep a secret, 





PO BOX 14687 — SPOKANE, WASHINGTON 99214 USA PHONE (509) 928-6000 — TWX 510 773-1885 
| ; CIRCLE 128 | : 





MILITARIZED Broadband Power 





30 MHz to 400 MHz, 64 W PEP/24 W FM, -55°C to + 100°C 


Applications: Airborne - Vehicular - 
Manpack — ECM - Instrumentation. 


Developed under NADC contract and | 


specified for volume production in the 
AN/ARC-182 multiband radio. 


Each of these miniature, lightweight 
and fully derated amplifiers covers the 
entire 30 to 400 MHz bandwidth and 
is available now for retrofit or new 
designs. Use preamp or power amp 
alone or stack PA’s for higher power. 


PHI transistors, used exclusively in 
this design, have established a long 
reliability history in CATV and PAVE 
PAWS Phased Array Radar. 


Call today for full details on the PHA- 
4000 amplifier series or to discuss 
your specific requirements. 


/ 
iy 












POWER TRANSISTORS & HYBRID AMPLIFIERS — MICROWAVE « MOBILE COMMUNICATIONS 
RADIO RELAY « TELEMETRY « NAVIGATIONAL AIDS « INSTRUMENTATION ¢ CATV 
POWER HYBRIDS INC., 1742 CRENSHAW BOULEVARD, TORRANCE, CA 90501 
TELEPHONE: (213) 320-6160 TWX 901-349-6651 


Power Hybrids 
Incorporated 
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Low cost 
crystal clock oscillators 
for timing sources 


‘Ideal for use as 
clock generators and timing sources 
where size, cost, performance 
and reliability are important. 


e Hybrid circuit packaging techniques provide 
excellent reliability at competitive prices. 

e Frequency range from 250KHz to 40 MHz 

e Seated height only 0.200 inches 

e Occupies only 0.815''X0.515'' on PC board 

e Operated from +5 volt supply 

e TTL compatible : 

e Frequency stability +0.01% over their 
specified operating range 

e Hermetically sealed, 100% leak tested to 
MIL-STD 883A and solvent resistant. 


BuLova 4» 


ELECTRONIC DIVISION 


Bulova Watch Co., Inc. 
61-20 Woodside Ave. 

Woodside, N.Y. 11377 
(212) 335-6000 





CIRCLE 132 


al 

Ki : 

iS Me 
For years, our 75 MHz Model 4171FX. 4 
has been the classic move to make in “* 
monolithic crystal filters. This royal 4-pole 
creates a +13 kHz 6 cB bandwidth ina eee 
single HC-18 envelope. It puts a stunning 
checkmate on noise. And best of all, it 


doesn't take a king's ransom to put it on 
your side of the board. 


EXCELLENCE ACROSS THE BOARD 





Piezo Technology inc. 
2525 Shader Rd., Orlando, FL 32804 


The standard in monolithic crystal filters. (305) 298-2000 
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Auxiliary relays 

Auxiliary relays for power in- 
dustry applications are featured 
in a four-page digest. Data on 
laboratory testing to I[EKEE- 
STD-323-1974 and IEE- 
STD-344-1975 are included. Elec- 
tro Switch. CIRCLE 382 





Data storage interfaces 
Features of quad size disk and 
magnetic tape controllers and 
couplers available for DEC 
LSI-li,. 11/2: and: 11/23 and 
PDP-11 CPUs are covered in a 

four-page brochure. Dilog. 
CIRCLE 383 


Test equipment 
The 1980 Philips Test & Meas- 
uring Instruments catalog con- 
tains complete information on 
electronic test equipment. Philips 
Test & Measuring Instruments. 
CIRCLE 384 
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Circuit breakers 
A 20-page brochure features 
the APL/UPL electromagnetic 
circuit breakers. Master drawings 
and diagrams show the applica- 
tion of these circuit breakers. The 
brochure contains charts, typical 
delay curves and mounting de- 
tails and dimensions. Airpax 
CIRCLE 385 
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Introducing the SD375. The two-channel analyzer 
that’s easy to operate . . . and easy to buy. 


The SD375 isn’t the first two-channel 
signal processor on the market. Just the 
smartest. And the most versatile and 
easiest to set up and operate. And, above 
all, more features and capabilities per 
dollar — $19,600 base U.S. price — than 
any other two-channel analyzer on the 
market. 


It tells you everything you want to 
know about signals and their cross prop- 
erties ... ¢nstantly Full annotation is the 
key. The SD375 shows clearly every 
parameter and scaling factor of the test... 
where the test is at every Moment... and 
(after the test) instantly readable results. No guesswork, no 
mysterious codes, no tricky conversions to be made. 


Results are what you need, and fully processed results are 
what you get on a crystal-clear raster scan display. Readouts are 
available either in absolute values or calibrated and displayed 
directly in full engineering units — e.g. mils, g’s, mechanical 
impedance, dynamic stiffness (or even furlongs per fortnight, 
if that’s what you want). | 


The SD375’s display conforms to the way you’re used to 


G +30 DB 


TG BAG Bg 
Pot 
BRE ice 
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seeing graphed information; you don't 
have to learn new ways of reading and 
interpreting a CRT to get the test results 
you need .. . immediately. 

Plug-in options such as digital zoom 
and IEEE 488/RS-232 digital I/O add to 
the ease of using the new SD375. The 
digital I/O option permits direct connec- 
tion to a variety of both TEK and H-P 
digital plotters . . . today’s most widely 
owned, established display peripherals. 
The same digital I/O plug-in also pro- 
vides unusually broad capabilities for 
remote control and sensing and com- 


puter processing of analytical data. 


If you have two signals and have to know... . fast... what's 
in them and how they inter-relate, find out about the new 
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SD375. Call Roger Koch at (714) 268-7129. Or write to us. 


Scientific-Atlanta 


Spectral Dynamics 


P.O. Box 671 e San Diego, CA 92112 
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Thyristor/diodes 


A 60-page catalog covers thy- 
ristor/diode modules. The catalog 
includes electrical, mechanical 
and thermal specifications; dia- 
grams and 87 pages of per- 
formance curves. Semikron In- 
ternational. CIRCLE 386 





PROBLEM: 


Design and build a distribution Ampli- 
fier with noise immunity and drive capa- 
bility to interface a localized frequency 
standard to other equipment at distances 
up to 1000 feet. 


36/100 kHz —10 MHz 
Outputs 


4/100 kHz—10 MHz 
Inputs 


Fault Lights 


Input Module 





Temperature indicators 


Temperature indicating ther- 
mometer strips, record indica- 
tors, clock indicators and paints 
are covered in a catalog. B H 
Frank. CIRCLE 387 





HV power supplies 


The EG series solid-state, high- 
voltage supplies are covered in a 
data sheet. The data sheet lists 10 
models with output voltage 
ranges from 5 kV at 6 mA to 60 
kV at 0.5 mA with fixed positive 
or negative, or reversible polarity. 
Glassman High Voltage. 
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Electrostatic systems 


Descriptions, schematics and 
prices of electrostatic systems 
and components are contained in 
a 24-page catalog. Chapman. 

CIRCLE 389 


THE 





SOLUTION: 


The Austron Model 1295C, which 
receives any one of four (4) discreet 
frequencies (10 MH,, 5 MH,, 1 MH, and 
0.1 MH,) and distributes up to 40 indi- 
vidual outputs of the input frequency. 
Frequencies different than the input can 
be created and distributed in groups of 
four, up to at least a total of thirty-two. 





AUSTRON we 


1915 Kramer Lane, Austin, Texas 78758 
(512) 836-3523 TWX 910/874-1356 
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Instruments 


Products ranging from as- 
sembled instruments available in 
two weeks to products which can 
be calibrated and fitted to suit 
specific customer needs and de- 
livered within four weeks are cov- 
ered in catalog. The Foxboro Co. 
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Suppression filters 


A 24-page engineering hand- 
book features 16 types of 
RFI/EMI suppression filters. 
Power Dynamics. CIRCLE 391 





Gunn devices 


Applications and performance 
of the GC5700 and GC5800 series 
5% and 6% efficiency high power 
negative-bias and positive-bias 
plated heat-sink Gunn devices are 
described in a bulletin. Frequency 
Sources, GHZ Div. CIRCLE 392 


THE 





FACTS: 


. The non-harmonic related distortion 
is down more than 60-dB from the 
rated output. 

. Relay outputs indicate failure. 


3. Reversible mounting (all outputs on 
back or front of chassis). 


4. Expandability (40 outputs maximum). 
. Fault isolation to card. 
. Built-in test equipment. 


Power On 


Signal Presence 


For additional information, contact Austron 
Time and Frequency Division. 





General Electric, 
tne new name 


mcs. 


The business you’ve known as Liquid Xtal SO General Electric’s Liquid Xtal Displays 


Displays has anew name. A new name Operation (as we’re now known) is your 
because last September, LXD became a best source of “off the shelf” standard 


part of the General Electric Company. . displays or custom 


As LXD, we were credited with many displays. That's right, 
industry firsts, D.I.L. pins, your best source. 

integral back As part of the Elec- 
lighting and dot tronics Components 
matrix displays Division at General 
were among Electric, we, like other 
them. Our R&D component manu- 
activities pro- facturing opera- 
duced materials tions, within GE, are 
which expanded geared to supply 
the operating products toa 
range and estab- wide variety of 
lished new per- manufacturers. 
formance levels In For more informa- 
the Industry. Now, “tion about us, and what we can 


with the added _ do for you, contact your local 
resources of GE's sales representative, or write: 














Corporate Research and Development General Electric Company, Liquid Xtal 
Laboratory, we ll be able toprovide you —_ Displays Operation, 24500 Highpoint Road, 
with the most advanced technologies avail- Cleveland, Ohio 44122. (216) 831-8100. Telex 
able. And they will be tested and proven 98-5442. In Europe, A.B. Gosta Backstrom 
reliable, in the General Electric tradition. (Stockholm, Sweden) Data Modul (Munich, 
Today, our production facilities are three W. Germany) or Norbain Optoelectronics 


times what they were just six months ago. — (Reading Berkshire, England). 


GENERAL @@) ELECTRIC 
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New 
Literature 


Thumbwheel switches 
Two data sheets cover three 
thumbwheel switches, the 43000 
Miniswitch and the 44000/45000 
Slimswitches. Specifications and 
engineering drawings are in- 

cluded. The Digitran Co. 
CIRCLE 393 


DIP sockets 

A 28-page catalog covers DIP 
sockets, DIP headers, DIP 
jumpers, DIP programming de- 
vices and related DIP products. 
Dimensional data and _ specif- 
ications are included. Aries Elec- 
tronics. CIRCLE 394 


Servo accelerometers 
Specifications and applications 
of force balance servo ac- 
celerometers and inclinometers 
are described in a 12-page catalog. 
Columbia Research Laboratories. 
CIRCLE 395 


RFI shielded cases 

RFI shielded cases, rf transfer 
switches and accessories are de- 
scribed in an eight-page catalog. 
Photos and drawings are in- 
cluded. Compac. CIRCLE 396 


Polyether polyols 
A 40-page booklet describes a 
wide range of intermediates for 
rigid urethane foam. The booklet 
discusses typical properties and 
charts the effect of temperature 
on viscosity. Union Carbide. 
CIRCLE 397 
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Pressure sensitive tape 
Characteristics and applica- 
tions of pressure sensitive tapes 
made with polyparabonic acid 
film are given in a two-page data 
sheet. CHR Industries. 
CIRCLE 398 
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ELECTRONIC DESIGN’s function is: 


= To aid progress in the electronics manu- 
facturing industry by promoting good de- 
sign. 
= To give the electronic design engineer 
concepts and ideas that make his job easier 
and more productive. 
a To provide a central source of timely 
electronics information. 
a To promote communication among mem- 
bers of the electronics engineering com- 
munity. 
Want a subscription? ELECTRONIC DESIGN 
is circulated free of charge to those individ- 
uals in the United States and Western 
Europe who function in design and develop- 
ment engineering in companies that in- 
corporate electronics in their end product 
and government or military agencies in- 
volved in electronics activities. For a free 
subscription, use the application form 
bound in the back of the magazine or write 
for an application form. 
If you do not qualify, paid rates for a year’s 
subscription (26 issues) are as follows: $35. 
U.S., Canada, Mexico, Central America. 
International annual subscription rates 
listed below include air delivery: $65. Eu- 
rope; $100. Mideast, North Africa, South 
America, Japan; $130. Central and South 
Africa, New Zealand, Australia and all 
other Asia. Single copies (when available) 
may be purchased for $4. U.S., Canada, 
Mexico, Central America and $5. in all other 
countries. The GOLD BOOK (27th issue) 
may be purchased for $35. U.S., Canada, 
Mexico, and $45. all other countries. 
If you change your address, send us an old 
mailing label and your new address; there 
is acard bound into the back of the magazine 
for this purpose. Please allow 6 to 8 weeks 
for address change to become effective. You 
must requalify in order to continue receiv- 
ing ELEcTRONIC DEsIGN free of charge. 
The accuracy policy of ELECTRONIC DESIGN 
is: 
= To make diligent efforts to ensure the 
accuracy of editorial matter. 
a To publish prompt corrections whenever 
inaccuracies are brought to our attention. 
Corrections appear in “Letters.” 
m= To encourage our readers as responsible 
members of our business community to 
report to us misleading or fraudulent ad- 
vertising. 
= To refuse any advertisement deemed to 
be misleading or fraudulent. 
Individual article reprints and microfilm 
copies of complete annual volumes are avail- 
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no matter how long the article. Microfilmed 
volumes cost $23 for 1976 (Vol. 24); $30 for 
1973-75 (Vols. 21-23), varied prices for 
1952-72 (Vols. 1-20). Prices may change. For 
further details and to place orders, contact 
Customer Services Dept. University Micro- 
films, 300 N. Zeeb Rd., Ann Arbor, MI 48106. 
(313) 761-4700. 
Want to contact us? Address your cor- 
respondence to: 

Editor 
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Shugart's 
fixed disk 
back-up 
solution. 


You can get 
started today. 














~ SA4000/41 00 


JA. Shugart enna 


Headstrong about mass storage value. 
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We'll get you going fast. If designing a fixed 
disk system with back-up is taking too long and 
costing too much, we can help—today. We'll 

get you started with Shugart 8 or 14-inch 
Winchester fixed disk drives, floppy drives for 
back-up—and a new series of the most versatile 
and intelligent controllers available. And 

if you need additional back-up capability, our 
controllers can handle 1/4-inch streaming 

tape cartridge drives, too. 

The intelligent approach. Our new SA1400 
intelligent controllers are so flexible and easy to 
interface that you can get your fixed disk system 
on-line in two or three days instead of weeks. 
SA1400 controllers feature the AMD 2900 series 
MPU along with ECC, sector interleaving, sector 
buffering, automatic copying, data separation, 
and on-board microdiagnostics. For greater 
flexibility, all SA1400’s have the same Host I/O. 
The SA1400 offers more intelligence than 

most competitive controllers while relieving 

the CPU of more drive-related functions 

for faster data throughput. 

The low cost solution. We've solved the cost 
problem, too. First you get the lowest cost per 
Megabyte fixed disk drives in the industry. Next, 
add a realistically priced intelligent controller and 
either a floppy drive or a 1/4-inch streaming tape 
drive. Back-up media costs are minimal and 

you only need a single power supply. And design 
costs are low because you get started faster. The 
Shugart solution. An intelligent aoproach to back-up 
that combines fast start-up with significant 
system savings. If this is what you've been waiting 
for, contact your nearest sales office today. 


Shugart Associates: 475 Oakmead Parkway, Sunnyvale, CA 
94086 (408) 733-0100. Sales & Service: Sunnyvale, CA; Costa 
Mesa, CA; Minneapolis, MN; Richardson, TX; Framingham, MA; 
Landing, NJ; Atlanta, GA; Toronto, Ontario; Paris, France; 
Munich, Germany. 


SAI400 


Ore'piige)| (= 


SA801/851 
Floppy Disk Drive 


1/4” Tape Cartridge 
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RecrulfmentAndClassifiedAds 





PLACE YOUR AD AT ONLY $65 PER COLUMN INCH IN 


ElectronicDesign 


YOU REACH ENGINEERS WITH TITLES LIKE THESE: 


© Chief Engineer @ Development Engineer ® Design Engineer © Project 
Engineer ® Electronic Engineer ® Engineer-Supervisor ® Section Leader 
© Staff Engineer © Systems Engineer © Test Engineer © Standards 
Engineer © Master Engineer 


Total Qualified and Paid 112,000 
ElectronicDesign RECRUITMENT ADVERTISING RATES 





15% commission to recognized agencies supplying offset film nega- 


tives. 2% 10 days, net 30 days. Four column makeup. Column width 
1-3/4" x 10” 


DIMENSIONS 
SPACE Wide Deep COST 
*One column inch 1-3/4’ x 1” $65. 
1/8 page (1/2 col.) 1-3/4" x 5" $322. 
1/4 page (1 col.) 1-3/4" x 10” Vert. $644. 
3-1/2"' x 5" Hor. 
1/2 page (2 cols.) 3-1/2"' x 10” Vert. $1,287. 
Y dake x 5” Hor. 
3/4 page (3 cols.) 5-1/4"' x 10°’ $1,931. 
1 page Fad x 10” $2,574. 


REVISED RECRUITMENT & CLASSIFIED RATES 
1X 4X 7X 13K 19X 26X 39X 52x 
*Per Column inch $65 $63 $59 $54 $52 $50 $49 $48 
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DEFENSE SYSTEMS DIVISION 
600 HICKS ROAD 
ROLLING MEADOWS, IL 60008 
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ENGINEER ¢ SR. ENGINEER ¢ ENGINEER SPECIALIST ¢ TECHNICAL ADVISOR 


MICROWAVE 





LATE CLOSING DATES 


Electronic Design is mailed every two weeks. Because of its timeli- 
ness, personnel recruitment advertising closes only two weeks before 
each issue’s mailing date. 


issue Date Closing Date Mailing Date 
July 5 June 6 June 20 
July 19 June 20 July 7 
August 2 July 3 July 18 
August 16 July 18 August 1 
September 1 August 1 August 15 
September 13 August 15 August 29 


HOW TO PLACE YOUR AD 


CALL THE RECRUITMENT 
HOT LINE 201-843-0550 
TELECOPIER EXT. 212 





Camera-ready film (right reading negatives, emulsion side down) or 
camera-ready mechanicals must be received by deadline. Or, if you 
wish us to set your ad (typesetting is free) simply pick up the phone 
and call our RECRUITMENT HOT LINE — (201) 843-0550. Ask 
for: 
Roberta Renard 
RECRUITMENT ADVERTISING MANAGER 


ELECTRONIC DESIGN 
50 Essex Street, Rochelle Park, New Jersey 07662 


Northrop Defense Systems Division, 
the leader in research, design and 
development of sophisticated ECM 
Systems is seeking Microwave 
Engineers based on our expanding 
requirements. 


eDesign and development of passive 
and/or active Microwave Integrated | 
Circuits. Prior computer aided design 
experience essential; MSEE preferred 
but not required. 


eDesign and development of micro- 
wave receivers. Prior experience in 
microwave systems development 
required; MSEE preferred but not 
required. 


Competitive salary based on ex- 
perience complimented by a pro- 
gressive benefit package highlighted 
by tuition assistance program, dental 
insurance, in-house Masters Program 
and pension plan. 


Direct detailed resume to: PRO- 
FESSIONAL EMPLOYMENT MANAGER, 
DEPT. ED/612, or call our 24-hour toll 
free 800 numbers: 1-800-821-2280, EXT. 
927, (MO. RES. 1-800-892-7655, EXT. 927). 


as an equal opportunity employer, we encourage 
minorities and females to apply. 











Communications Engineers. 


WELL SHOW YOU 
THE WAY HOME. 


The NAVSTAR Global Positioning 
System. A unique navigation project con- 
sisting of 24 satellites, ground control 
stations and user systems. Designed to allow 
ships, ground troops and aircraft to deter- 
mine their positions to an accuracy of within 
10 meters anywhere on the globe. 

It will make it easier tO gg reach destina- 
tions—and get home again. ; 


% 


Soe ae oe ee 
as 7 


And Harris Government Communi- 
cations Systems Division is helping make it 
happen. 

Through our hands-on, state-of-the-art 
approach leading a constantly changing 
communications technology. Through a con- 
stant interchange of knowledge among 
all10 Harris divisions. And an on-going 
program of growth and expansion that has 
made Harris the billion dollar leader. 








A family-oriented lifestyle. A wide- 
open housing market where a good buy is 
still a reality. Parks, golf courses, tennis 
courts, and miles of white sand beaches. 

It’s a place to call home. 

And Harris can make it happen for you. 
And your family. In Brevard County, Florida. 

The Government Communications 
Systems Division currently has openings 
for state-of-the-art Engineers in a range 
of technologies relating to custom com- 
munications and information processing 
systems. Some of the many professional 
opportunities include # Program Man- 
agers & Microwave ™ Mechanical ™ Antenna 
@ Phased Array. 

We'd like to show you our success. We'd 
like to show you our lifestyle. We'd like to 
show you the Harris way home. 


oe Sa; os Pi 


Send your resume and salary history to: 
Steve Gilmore, Professional Staffing, 
Harris Corporation, Government Com- 
munications Systems Division, P.O. Box 37, 
Dept. ED 621, Melbourne, Florida 32901 or 
call collect (305) 727-4144. 


FARRIS 


COMMUNICATION AND 
INFORMATION PROCESSING 


An Equal Opportunity Employer M/F 
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Your Bridge to the Future 


| .. + Link 
( Mm all 


Invites You to Join Us on the Scenic 
San Francisco Peninsula 





| 


a 








( by 





For Immediate Consideration, call us toll-free, day or night, 
at: 1-800-821-7700, ext. 608. Missouri Residents Call 1-800-892-7655, ext. 608 


We're Link’s Advanced Products Operation in Sunnyvale, involved in developing the next generation of real-time computer graphics for ever- 
expanding applications of out-the-window scene and radar simulation technology. 


With us you will find exceptional career possibilities... in upward mobility... in finding as much responsibility as you’re looking for... and in 
career stability. Oil is no longer a plentiful resource; simulation is the logical alternative. Our reputation as the world’s most experienced pro- 
ducer of sophisticated training systems make us the company to watch in the 80’s, and even into the 90’s. If there is a recession, we're not feel- 
ing it at Link... and neither will you! 


Our employees work on state-of-the-art in a wide variety of projects while constantly sharpening their technical skills. There’s always 
something new for you to learn at Link. Why not take a look at our openings and see if we have one to fit your area of expertise. 


HARDWARE LOGIC DESIGNER 


Link is seeking the applicant with experience, or an interest in 
gaining experience, in detail design utilizing TTL and ECL logic 
families. Your hardware designs will be used in state-of-the-art 
pipeline processors with very large computing bandwidths. 
Your skills will be used in the design and verification of: 


eArithmetic processing modules 
*Microcontrolled modules, including firmware design 
eAlgorithmic processing modules 


PROGRAMMER 


As a programmer, you will do detailed design of Data Base 
Programs. Responsibilities will include: 


eTest specification design of data base programs 
eFORTRAN structured coding design 

eUnit testing 

®Minicomputer environment 


SYSTEMS ENGINEERS 


Your experience in real-time hardware/software systems will 
be utilized to define the requirements and coordinate the 
development of state-of-the-art complex radar and visual 
simulation systems. Your responsibilities will include: 


Defining input, output, processes to the subsystem level 
eCoordination of the detailed subsystem design 
eHardware and software integration of the total system 


DATA BASE TECHNICAL LEADS 


As a technical lead, you will be responsible for conceptual 
approaches, system design, and system integrity. The purpose 
of the application software is to generate both automatically 
and interactively, complex geometric data bases to support 
radar, IR, and visual simulation. Responsibilities will include: 


eDesign and specify large FORTRAN application systems and 
subsystems 

eProvide the technical coordination required during 
implementation to maintain system, subsystem conceptual 
integrity 

eProvide detail design and implementation direction to 
programmers 


DATA BASE SYSTEMS ANALYST 


As a systems analyst, you will be responsible for the software 
and program design for the purpose of generating data, 
automatically and interactively, complex geometric data bases 
to support radar, IR and visual simulation. You will: 


eDesign and specify large FORTRAN applications systems and 
subsystems 

eDevelop Algorithms for automatic and interactive data base 
generation 

eAnalyze and develop real-time and image generator interface 
specification 


With Link you will enjoy all the advantages our environment can offer, and receive competitive salary and benefits... including a $1,000.00 
employee referral bonus program. You may respond immeditately with coupon, or call us 24 hours a day at our Toll Free Number... or you can 
write or send resume to: Personnel Office, Link, 1077 E. Arques Avenue, Sunnyvale, CA 94086. We’re proud to be an equal opportunity 


employer M/F/H/V. 
aes 


A DIVISION OF THE SI NG E R COMPANY 


ee ee ee ee 


Name 

Address 

Phone:Home Work 
Best time to reach 

Position applying for 

Degree 

Experience 

US citizen or permanent resident 
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Opportunifies 
deep in fhe Heart 
of Technolosy 














Tracor, Inc. 


TRACOR, INC., an _ international company performing research and development, engineering, 
manufacturing and worldwide marketing, is a leader in many fields including electronic counter-measures, 
navigation systems and teleprinters. Since 1955 our distinguished reputation has stimulated a steady rate 
of growth. We have annual sales in excess of one quarter billion dollars and over 7,000 employees world 
wide. This growth has created exciting career opportunities in our Austin facility. Our 1700 employees in 
Austin experience a modern work atmosphere with a pleasant wooded setting far from the noise and 
pollution of many industrial areas. AUSTIN is deep in the Heart of Texas. Nestled in a bend of the Colorado 
River, located at the edge of the rolling Hill Country, Austin is a rare gem in the land of oil and electronic 
marvels. Clean in industry, advanced in education, low in cost of living, progressive in government, stable 
in economy and located next to one of Texas’ favorite vacation spots, Austin is as unique in Texas as it is 
special in the Sunbelt. Austin combines industry, education and government with natural beauty and 
moderate climate to produce an environment pleasant for work and a pleasure for recreation. It has the 
traditional strong centers of a small town with most of the cosmopolitan advantages of a large city 
including the University of Texas and major national corporations. Austin offers diversity. Austin means 
opportunity. AUSTIN AND TRACOR - THE RIGHT PLACE AT THE RIGHT TIME. 


eENGINEERING MANAGERS eANALYSTS 
Electrical Aerodynamics 
Mechanical Stress 
Analysis Design Performance 
*DESIGN ENGINEERS Electro-Optics 
Electrical eRELIABILITY ENGINEERS 
Mechanical 
SOFTWARE ENGINEERS AT Senn ree 
POWER SUPPLY ENGINEERS ePROGRAM MANAGERS 
eCOMPONENT ENGINEERS eANY RELATED AREA 


Tracor’s success is the result of the talent and capabilities of its employees. In recognition of their 
achievements, we are committed to providing career enrichment and stimulating challenges, with a relaxed 
working environment. 


We are committed to adding the best engineering professionals to support current programs and new Tracor 
achievements in technology and product development. If challenge, success and achievement are in your 
career plans, then Tracor merits your attention. For immediate consideration, please send resume, or letter 
of interest stating work and salary history, or fill out the coupon below: 








Larry Powell 
TRACOR, INC. Peele 
Dept. ED 1 City, State, Zip 
6500 Tracor Lane 1 Paone (Hone) = [Vor 
Austin, TX 78721 1 Present Employer 
! Years Experience———————————_ Deg ree 
! Position Desired 
This information will be held in strictest confidence. 
. i oa : ED 





An Equal Opportunity Employer, M/F 
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If you are stymied in your career path because you 
find yourself remaining in a position that is delaying 
your career partially because you feel relocation is 
impossible in today’s economy, we urge you to talk 
to us. We think we have the solution! We're the 
System Division of Litton, and we're international 
leaders in RF technology. 


Right now we seek RF Engineers with these kinds 
of backgrounds: 


e MICROWAVE COMMUNICATIONS AND 


mini ub alephelc\-yas 


Unstick 
Your Career! 


AMECOM is located in one of the most desirable 
areas for family living on the East Coast. Excellent 
schools and universities, theatres and museums for 
cultural needs. Your choice of city, suburban, rural 
living providing a gracious life style and excellent 
recreational facilities. For those who are inclined to 
water sports, the Chesapeake Bay is unmatched in 
the United States. Excellent compensation and 
benefits. 

Please send your resume including salary history in 
confidence, or for more information call TOLL FREE 


RECEIVING SYSTEMS to: 
e HIGH SENSITIVITY DF RECEIVERS 
¢ SOLID STATE MICROWAVE 

COMPONENT DESIGN 


LITTON 
SYSTEMS, INC. 


Amecom Division 


BILL VINCENT 
(800) 638-0918 


LITTON SYSTEMS, INC. 
Amecom Division 

5115 Calvert Road 
College Park, MD 20740 


An Equal Opportunity Employer M/F/H. 





RF Communications Division of Harris Corporation is a world leader in the design and development of 2-way radio 
communications systems. We are currently seeking degreed Electronic Engineers with a minimum of 2 years 
engineering experience. Based in our headquarters in Rochester, we offer the challenges of a state-of-the-art 
engineering environment in addition to exposure to all aspects of technology. 


ENGINEERING MANAGER 


Manage engineering programs of high performance HF 
products and systems. Prior experience in the manage- 
ment of DOD and customer funded development pro- 
grams essential. Minimum of 10 years engineering 
experience required. 


RF DESIGN 


e FM, LAND MOBILE COMMUNICATIONS 


Receiver design, with an understanding of specifica- 
tions interaction, and transmitter design utilizing micro 
strip technology. 


e HF-SSB RADIO COMMUNICATIONS EQUIPMENT 


Receiver and transmitter design of high performance 
RF/analog circuitry. 


SOFTWARE DESIGN 


Real time and concurrent processes, for computer 
based radio communications equipment. Experience 
with multi-processor systems for SPC telephone ex- 
changes desired. Must be familiar with operating 
systems and high level languages. 


DIGITAL SYSTEMS 


Telecommunications, mini/micro computer based. 
Hardware and software design for switching systems 
and data transmission. Experience in assembly 
language a must—PASCAL a plus. 


APPLICATIONS ENGINEER 


For telephone company systems applications. Experi- 
ence with 2-way radio systems desirable. Sales experi- 
ence is a plus. 


In addition to the above opportunities, we also have challenges for technicians within systems, field service and 
manufacturing. For immediate consideration, please forward your resume to Mr. Richard Schick, Harris Corpora- 
tion, RF Communications Division, 1680 University Avenue, Rochester, New York 14610. 


FARRIS 


COMMUNICATION AND 
INFORMATION PROCESSING 


An Equal Opportunity Employer—Male and Female 
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Microwave 
Components 
Engineers 


Westinghouse Defense and Electronic 
Systems Center, located near BWI Airport 
between Baltimore and Washington metro- 
politan areas, has immediate openings for 
engineers with at least one year’s experi- 
ence in microwave development. Responsi- 
bilities include some development of RF 
components. Successful applicants must 
understand principles of operation of micro- 
wave components and be able to write 
acceptance test procedures. 


Additionally, these positions require direction 
and coordination of technicians on a small 
component production line. Must have BS 
degree with major in electrical engineering. 
Also, U.S. citizenship is required. 


You will participate in an excellent benefits 
program that includes, but is not limited to, a 
company-paid, ten-part insurance plan, an 
attractive pension plan, personal investment 
plan, stock purchase plan and a 100% tui- 
tion refund plan. 


Please send resume, stating present salary, to: 


J.C. Higinbotham, Dept. 747 
Westinghouse 
P.O. Box 1693 
Baltimore, Maryland 21203 


An Equal Opportunity Employer 


Westinghouse 








find them reading Electronic Design! 


SPECIAL LATE CLOSE 


Recruitment advertisers have special “late close” privileges in Electronic 
Design. Each issue closes only 14 days before mailing date. Don’t get lost in 
general newspapers ... go where you'll find experienced engineers ... You'll 


PXoM-aler-maYfolelg 
career and lifestyle 
on Florida’s Suncoast. 









SPERRY 
MICROWAVE ELECTRONICS 


ANTENNAS AND RF COMPONENTS 


Millimeter wave guidance equipment, antennas 
and related RF subsystems, seeker development 
systems, analysis and control. 


SYSTEM REQUIREMENTS DEFINITION 


Software development, specification develop- 
ment, military ADP systems including adminis- 
tration, logistics, ship repair systems, C* and 
weapon range systems. 


SOFTWARE SYSTEMS/ENGINEERING 


Real-time software, signal processing, simulator 
development, microprocessor development, 
systems analysis of ship command and control. 


RADAR SYSTEMS DEVELOPMENT 


Equipment engineering, design, mechanical 
packaging, math modeling and decision theory, 
fire control weapon system integration, EW 
systems and reliability. 


Sperry Microwave Electronics is engaged in the 
engineering, research, development and pro- 
duction of sophisticated electronic systems and 
equipment. A dynamic force in the development 
of new technologies, Sperry is one of Florida’s 
fastest growing electronics corporations. Please 
send your resume, including salary history, to 
Edward Vendley, Sperry Microwave Electronics, 
P.O. Box 4648, Clearwater, FL 33518. 































COME GROW WITH 


MICROWAVE ELECTRONICS 
Career opportunities also exist at: 
SPERRY DIVISION NORTHERN VIRGINIA OPERATIONS 
Great Neck, NY 11020 5400 Cherokee Ave. 


ATTN: P.W. SMITH Alexandria, VA 22313 
ATTN: D. Gay 


An equal opportunity employer M/F 

















SOUTHEAST 
Our 12 Offices in NC, SC, Ga, Va and Fla 
specialize in Control Systems, Instrumenta- 
tion, Electronic Design, and Engineering posi- 
tions from 18 to 40K. Agressive, confiden- 
tiao. Fee-Paid service. Send resume to Walt 
Loescher, BEALL PERSONNEL, P 0 Box 
4006ED, Anderson, SC 29622 

. QOH OUI_VEOILYS 
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Telephone: (201) 843-0550 






Make GTE Syivania and the 
San Francisco Peninsula 
Your Career Center for the ‘80s! 


GTE Sylvania in Mountain View, CA is the place where the Great 
Technological Environment continues to thrive, and where you belong, if 
you're qualified in the following: 


ENGINEERING SPECIALIST 


Responsible for the design, development and task management of high 
power solid-state transmitters, suosystems and components for application 
in EW systems. An extensive background in RF design and familiarity with 
CAD techniques is required. Participate in and provide technical support for 
proposals, studies, and design reviews, customer briefings and presenta- 
tions. BSEE or equivalent required. MSEE desirable, and ten years’ directly 
related experience. 


If you’re qualified, please forward your resume to GTE Sylvania, Dept. 
JJL-210, P.O. Box 188, Mountain View, CA 94042. We are an equal oppor- 
tunity employer, minorities and females are encouraged to apply. US. 
citizenship is required. 


SYLWANIA 


INCORPORATED 





Engineers .. Engineers. . 


Engineers . . 


Gathered in one place ... 


...hnot scattered about among costly and unwieldy newspaper audiences 


... but concentrated selectively for easy reach 


...1n the proper frame of mind 


To fill a big job, use a big medium 


Recruiting . . . in the pages of Electronic Design, the best-read electronics 


publication in the world. 


50 Essex Street, Rochelle Park, New Jersey 07662 
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we can to find out what hap- 


TWX 710-990-5071 





































We'll help you put pressure 
on any company that makes 
promises in its ads ... then 
fails to deliver. 

Electronic Design refuses to 
run advertisements deemed 
to be misleading or fraudulent. 

ACCURACY is everybody’s 
business. So if you have a 
gripe about a misstatement or 
inaccuracy in either editorial 
or advertising material in 
Electronic Design ... tell us 
about it. We'll do everything 


pened and see that it’s correct- 
ed. Notify... 












Lucinda Mattera 
Editor 


Electronic Design 


50 Essex Street 
Rochelle Park, New Jersey 07662 








Big ads 
equal 
big savings 


The regular 
or ROP rate 
for 
Electronic Design’s 
full page 
black and white unit 
is 23% greater 
than the 


special rate for 


recruitment advertising. 


By using a full page, 
advertisers get 
important positioning, 
frequent domination 
of the spread— 
and significant 
cash savings. 
Small-space classified 
display ads 
are a bargain, too, 
but nothing 
can match 
full pages for 

full impact. 








NORTHROP 

ECM/EW SYSTEMS... 

As sophisticated and vital 

as the professionals behind them. 


In the world of ECM/EW defense systems technology, 
Northrop’s Defense Systems Division remains unsurpassed. 
Our significant advances are the result of the innovative 
accomplishments of professionals who are committed to the 
challenges that lay ahead. We offer creative experienced 
engineers professional growth in an environment which 
provides for flexibility, challenging assignments and recog- 
nition for individual accomplishments. Unparalleled expan- 
sion of our Engineering and Manufacturing Operations, and 
long term contractual commitments offer unpresidented 
opportunities for career advancement. 


We seek individuals with engineering backgrounds for key 
positions in the following areas: 


SOFTWARE: 

eEngineers 

eAnalysts 

SCOPE TEES AUTOMATIC TEST EQUIPMENT: 
SYSTEMS: Digital Test ¢ RF Microwave 

SYSTEMS: SOFTWARE: Analog Test ¢ Digital Test 


4 : DESIGN: Mechanical ¢ Electrical 
Senior Engineers 
¢Project Engineers 
Engineers 
PRODUCT ASSURANCE: 
¢Reliability Engineers 
¢Maintainability Engineers 
Quality Assurance Engineers 


PRODUCT DESIGN: 
¢Senior Engineers 
eProject Engineers 

e Engineers 


Forward resume immediately, Sees, area of speciali- 
zation or interest to: PROFESSIONAL EMPLOYMENT MANA- 
GER, DEPT, ED/621, NORTHROP CORPORATION, Defense 
Systems Division, 600 Hicks Road, Rolling Meadows, 
Illinois 60008, or take advantage of our 24-hour toll-free 
800 number: 


1-800-821-2280, ext. 927 (Mo. Res. 800-892-7655, ext. 927) 


NORTHROP 


as an equal opportunity employer, 
we encourage minorities and females to apply. 
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ROLYN OPTICS CO. supplies all types of ‘‘Off- 
the-Shelf'’ optical components. Lenses, 
prisms, mirrors, irises, microscope objectives 
and eyepieces and many others. All from 
stock. We also supply custom products and 
coatings in prototype or production quan- 
tities. 75 page catalog describes products and 
prices. ROLYN OPTICS CO., 300 Rolyn Place, 
Arcadia, CA 91006. (213) 445-6550—TELEX: 
67-5312 


OPTICS 





MULTI-TURN ABSOLUTE ENCODER +1 partin 
100,000 system accuracy — Electro-Magnetic 
Transducer +5 digit LED Display + BCD, 
Binary, and DC output — 10, 64 or 100 turns 
— adjustable scale factor (0 to 999,999) — 
Hi noise immunity — zero offset — unam- 
bigious crossovers. Units less than 
$995.00/axis. Send for Free Catalog & Applica- 
tion Notes. Computer Conversions Corpo- 
ration, East Northport, N.Y. 11731 — (516) 
261-3300 









MULTI-TURN ABSOLUTE ENCODERS 201 





NEW 1215 A/D CONVERTER IS A HIGH-PER- 
FORMANCE UNIT for digitizing high-speed 
broad-band analog input signals. Resolution: 
1 part in 32,767; accuracy +0.0065%; con- 
version time: 10 usec; output codes: 2’s com- 
plement or offset binary. ADC 1215 utilizes 
a single fold-back technique in conjunction 
with successive approximation conversions to 
achieve an equivalent conversion rate of 625 
nanoseconds per bit. PHOENIX DATA, INC., 
3384 W. Osborn, Phoenix, AZ 85017. PH 
602/278-8528. 











A/D CONVERTER 202 


Quick ad 








CASSETTE SYSTEM 





FORM YOUR OWN MAGNETIC SHIELDS 
When you need only one or two magnetic 
shields, save time and money by shaping 
your own. All it takes is a scissors and our 
improved Eagle alloys for magnetic shield- 
ing. We'll gladly help. Check the card in 
this publication and we’ll send full details 
on Eagle foil and sheet stock. Eagle Mag- 
netic Co., Inc., Box 24283, Indianapolis, 
IN 46224 (317) 297-1030. 





MAGNETIC SHIELDING 


COMPREHENSIVE POWER SUPPLY CATALOG. 
SUBMODULAR SWITCHERS. Reliability by de- 
sign. RS/RT-EAGLE SERIES—50-1500W, four 
outputs. High performance/MTBF. Low 
MTTR/end user cost. 5 yr. warranty. Low cost 
UNIVERSAL OPEN FRAMES. Disc memory 
power, single/multi-outputs. MODULAR OEM 
SERIES. Delux features. Analog/Digital/Indus- 
trial end users. ELECTRONIC LOADS—RACK 
POWER SYSTEMS. Worlds largest broad line 
vendor. ACDC ELECTRONICS, Oceanside, CA 
(714) 757-1880, Roselle Park, NJ (201) 
241-6077. 


POWER SUPPLIES 204 





COMPUTER CONTROLLED DATA PROCESS- 
ING CASSETTE SYSTEM. Mode! M-80 is a 
general purpose Z80™ based computer com- 
bined with a rugged, high speed, digital 
cassette drive in a compact, panel mounting 
module. Standard program in C.P.U. Card 
Prom implements all tape functions. TTY and 
RS232C compatible. Up to 9600 Baud rate. 
500,000 Byte formatted capacity. Only 
5x5x8.5 inches. Write for color brochure to: 
MemodyneCorp., 220 Reservoir St., Needham 
Hgts., MA. 02194 (617) 444-7000 
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New and current products 
for the electronic designer 
presented by their manufacturers. 








RENT INTEL 

The Intel Microcomputer development sys- 
tem is ready for off-the-shelf rental at rates 
that make sense. We offer the complete range 
of Intel equipment including the ICE-86 plug- 
in emulator. Plus, other major systems such 
as Motorola, Millennium, Pro-Log, LSI, and 
Tektronix. For a free copy of our rental guide, 
call Microcomputer Rentals TOLL FREE (800 
235-5955. In Ca., call collect (213) 991-1704; 
(415) 861-0663; or (408) 280-1839. 


RENT INTEL 206 








PWR. TRANS. MEET ALL SAFETY STDS. The 
PEP Plug-in Series meets safety requirements 
of world agencies—UL for use with audio 
(UL1270), TV (UL1410) and others; CSA; Eu- 
ropean VDE and IEC65 (4.0 KV Dielectric 
Withstand); and Japanese stds. 5 primary, 6 
output and 6 frame size options range from 
0.7VA to 15VA RMS. For product, prices and 
delivery call 213-322-1075. PAN-MAGNETICS 
INTERNATIONAL, INC., 137 Eucalyptus Dr., El 
Segundo, CA 90245. 


PEP SERIES 207 








-DISTINCTIVE ELECTRONIC ENCLOSURES- 
STANDARDS — MODIFIED — CUSTOM BUILT 
Modular Enclosures @ Instrument Cases Con- 


soles ¢ Desk Racks ® Cabinet Racks Drawers 
e Shelves ¢ Chassis ¢ Blowers Fans @ Slides 
e EIA Panels ¢ Hardware PC Card Cages e 


Utility Boxes & Cases Send for the new 40 page 
Catalog and prices from PREMIER METAL 
PRODUCTS CO 381 CANAL PLACE, BRONX, 
N.Y. 10451 (212) 993-9200 


CABINETS & CASES 208 








SBC 80 CARD CAGE HAS 9 SLOTS The SBC 
609 card cage replaces two Intel card cages, 
the 604 and 614. Pius, you get a bonus 9th 
slot and room for a 2 level W-W card. PRICE: 
(1-4) $445, stock to 4 weeks. Electronic Solu- 
tions Inc., 5780 Chesapeake Ct., San Diego, 
CA 92123. Phone: (714) 292-0242 


9 SLOT CARD CAGE 209 
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AC POWERED 4-1/2 DIGIT DPM- Model 44 
digital panel meters have accuracy of 0.05%, 
resolution of l10uV, full-scale reading of 
+19999 counts displayed by 0.56-in orange 
LEDs, are enclosed in NEMA case and available 
in 3-1/2 digits as Model 43. Available in 5 
standard dc voltage ranges from 200mV to 
1200V with parallel BCD and ratio options. 
From $139.00. Stock to 4 weeks. Seco Sys- 
tems, 3201 N. Alameda St., Compton, CA 
90222 (213) 635-2667 


DIGITAL PANEL METERS 210 






LOW COST PENDULUM CP17-0601-1 Provides 
vertical references for monitoring and control 
of pitch and roll angular displacements. Re- 
places expensive vertical gyros for many in- 
strument and control system applications. 
Potentiometric output; hermetically sealed; 
fluid damped; range of +45°; resolution less 
than 0.20°; linearity within 0.5; total error 
band of +1% full scale. Wide range of models 
available. Humphrey Inc., 9212 Balboa Ave., 
San Diego, CA 92123 Phone (714) 565-6631. 
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NEW SWITCHING POWER SUPPLY CATALOGS 
introduce the single and multiple output 
switching power supplies that break the 
switcher price barrier wide open! Top quality 
open-frame switching supplies with excep- 
tional efficiency and compactness ...yet they 
are competitive in price with many open 
frame linear supplies. MTBF well over 50,000 
hrs. Two-year Warranty. Meet UL and CSA 
standards. Power/Mate Corp., 514 South River 
St., Hackensack, NJ 07601 (201) 440-3100. 
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NEW MULTI-FUNCTION S-100 1/0 BOARD. 
Has; Two serial ASYNC/SYNC ports (RS-232, 
TTL, O/C, or current loop) W/individual baud 
rate Gen’s. Four 8-bit parallel ports; one 
strobed input port, other 3 can be pro- 
grammed in comb. of In, Out or Bidir. Three 
5-function 16-bit timers. An 8-level interrupt 
contir. W/auto Restart (8080-Z80). Proto area 
has reg. +5V, +12V —12V. Plus more. 


I/O TECHNOLOGY A&T $375.00 
29119 FLOWERPARK DR. CANYON COUNTRY 
CA. 91351 (805) 252-7666 213 





C & K furnishes stylish, contemporary-looking 
flatted toggles for you in three lengths ranging 
from small to ultra-small. All in SPDT, DPDT, 
3PDT, and 4DPT configurations. These min- 
iature toggle switches have contact ratings up 
to 5 amps including dry circuit applications. 
UL listing available. C & K COMPONENTS, 
INC., 15 Riverdale Avenue, Newton, MA. 
02158. (617) 964-6400, TELEX: 92-2546, TWX: 
710 335 1163. 





FLATTED TOGGLES 





SELF-ILLUMINATING POCKET MICROSCOPE. 
A real pocket sized inspection tool realizes 
30X magnification and comes with built in 
battery. Ideal for inspection and quality con- 
trol. New 100X model. SAT-Spirig Inc 357 
Cottage, Springfield MAOQ1104, (413) 
788-6191 twx 710-350-6466, COBONIC-Spirig, 
Seely Rd. London SW17 QRL, 1-767-6780 
SPIRIG CH8640 Rapperswil Switzerland 
tx875400 


SPIRIG-30 


6800/6801 Micro Software *** CROSS SOFT- 
WARE *** 6800/6801 assembler...$400., PL/W 


compiler...$1400., cross linker...$400., 
math/science...$500., simulator...§$800., *** 
RES FRET SOFTWARE oe * 
editor/assembler...$95., industrial 4K 
Basic...$95., in ROM...$299. WINTEK CORP. 
1801 South Street, Lafayette, In. 47904 (317) 
742-8428. 


Micro Software 





Q/PAC ELEMENTS. Q/PAC™ power distribu- 
tion elements obsolete decoupling capacitors, 
eliminate on-board power and ground traces 
and extra board layers. Q/PAC elements max- 
imize packaging density; minimize signal in- 
terconnection problems. Capacitance values 
to 0.05 uf per inch; lengths to 16”. Contact 
Q/PAC product specialist at ROGERS CORPO- 
RATION, Chandler, AZ. 85224, (602) 
963-4584. Europe: Mektron N.V., Gent, 
Belgium. JAPAN: Nippon Mektron, Tokyo. 
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SMALL, PORTABLE DISCHARGE PRINTER 
DC-1206B prints 12 characters/line nominal, 
but is capable of 15 columns. Sized for 
portable, hand-held equipment it is 1.7” H x 
3.2” W x 3.7” D, weighs only 5.3 ounces. It 
prints 5 lines/sec. on 1.4” paper. It’s priced 
at only $52 in 100 quantity. Other printers 
with interface electronics available. HYCOM, 
16841 Armstrong Ave., Irvine, CA 92714 (714) 
557-5252. 
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LOW COST RFI SHIELDED CASES. COMPAC 
line includes blank case assemblies without 
connectors in 14 sizes, standard cases with 
flange monted RF connectors and RFI filter 
feedthroughs, and custom made cases. Effec- 
tive from 60 dB to = 100 dB at 1O0MHz. 
Greater shielding with available gaskets. The 
cases are made from extruded aluminum 
alloy, completely finished with a chemical film 
per MIL-C-5441B for excellent conductivity. 
(From $9.15) COMPAC, 279 Skidmore Road, 
Deer Park, N.Y. 11729 (516) 667-3933 





RFI SHIELDED CASES 
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INDUSTRY’S LOWEST-COST SCR TRIGGERS. 
Trigate® pulse transformers...dependable 
enough for industrial equipment, yet priced 
for high-volume commercial use. Balanced 
pulse characteristics and energy transfer. In- 
creased energy transfer efficiency. Fast pulse 
rise time. Axial lead and pre-molded case 
designs. Single-ended units with pin leads for 
printed boards also available. Write for Bulle- 
tin 40003B to Sprague Electric Co., 347 
Marshall St., North Adams, Mass. 01247. (413) 
664-4411. 


TRIGGER TRANSFORMERS 220 








Quick ads 


















HIGH STABILITY LOW COST QUARTZ CRYS- 
TALS For microprocessor and clock oscillator 
applications. Accuracy is +0.002% at 25°C, 
frequency change over —10° to +55°C is 
within +20 PPM. Immediate delivery from 
stock on all popular frequencies, $2.00 each 
(min. 100 pes.) 10 MHz and up in HC-18/U 
case. Q-MATIC CORPORATION 3194-D Airport 
Loop Dr. Costa Mesa, CA. 92626 (714) 
545-8233 TELEX 678389 
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SBC 80 CARD CAGE HAS 15 SLOTS. The SBC 
6015 Card Cage replaces 3 Intel Card Cages. 
Plus, you get a bonus of three extra slots and 
room for a 2 level W-W card. PRICE: (1-4) $795, 
(30-99) $400, stock to 4 weeks. Electronic 
Solutions, Inc., 5780 Chesapeake Ct., San 
Diego, CA 92123. Phone: (714) 292-0242. 











15 SLOT CARD CAGE 


FREE PLATING EQUIPMENT CATALOG for the 
electronics, space, missile and general plating 
industries, with special emphasis for plating 
printed circuits. We have a complete line of 
DC power supplies, digital amp minute/hour 
meters, tanks and accessories. Special ex- 
pertise on custom consoles. To get your FREE 
catalog, drop a line to Chuck Auerbach, HBS 
Equipment Division, Dept. 614, 3000 Supply 
Avenue, Los Angeles, CA 90040 (213) 
726-3033. 






EQUIPMENT CATALOG 














New and current products 
for the electronic designer 
presented by their manufacturers. 





E-T-A COMBINATION SWITCH/CIRCUI 
BREAKERS Combination saves you mone 
because it eliminates using individual switct 
circuit breaker or fuse and light. You buy 
stock, mount and wire only one componen: 
Very high reliability with 50,000 cycles me 
chanical and 25,000 cycles at rated load. Si 
handle colors. Lighted version available. Cur 
rent ratings from 3 amp thru 16 amp at 25) 
Vac (125 Vac). UL 1077 and other world-wid 
approvals. Single pole about $2.50 in produc 
tion quantities. E-T-A Circuit Breakers, 7401 
N. Croname Rd., Chicago, IL 60648 


Tel. (312) 647-8303. 22: 


COTO MICRO-MINIATURE RELAYS FOR MAX 
IMUM PERFORMANCE COTO micro-miniature« 
relays handle fast digital pulses without de 
gradation of pulse edges. I/3 smaller than < 
DIP, they offer the same switching capabilitie: 
as miniature relays, plus high frequency han 
dling. Available in a variety of contacts anc 
coil resistances, they’re ideal for use in ATE 
digital switching matrixes, computer interfac 
ing and more. Coto Corporation, 65 Pavilior 
Avenue, Providence, RI 02905. Tel: (401 
467-4777. TWX: 710-381-8016. 


MINIATURE RELAYS 22! 





SOFTWARE ENGINEERING FOR MICROS: Thx 
Electrifying Streamlined Blueprint Speedcod: 
Method, T.G. Lewis. Provides information or 
software quality, software engineering, anc 
structured programming. Improves your abil 
ity to write abstracted ideas and then code 
them into the notations of a particular ma 
chine. #5166-2, 168 pages, $6.95. Circle the 
Info Retrieval Number to order 15-day exarr 
copy. When billed, remit or return book witt 
no obligation. Hayden Book Co., 50 Esse» 
Street, Rochelle Park, NJ 07662. 


SOFTWARE BROCHURE 22€ 








Call one of our design engineers. They're idea men—the 
men who helped create what is now the largest and best line of P/C connectors 
mV uolelarecum Matelergre mm (lure) meolalarere Colu-mml i (Olucm lanl preluecvalemcatelacuem (me) moaorouranrecs 
And it’s experience that’s yours for the asking. Do ask. 
youve specified absolutely 


the best P/C connector. 





CONNECTORS 


21001 Nordhoff Street Chatsworth, CA 91314. US.A. 
(213) 341-4330) TWX 910-494-2094 
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A Place for Life 


Work in a place where 
your family can live, where 
ialcigcmcmaale]ecm (OM licmiarcls 
your work. A place where 
you can enjoy sailing and 
the symphony, the opera 
late mialcme|ecrstmele) (ecole) sy 
Where your life-at-work is 
everything you can make 


part of the ote of a Fortune 
500 leader in electronic 
test and measurement, 
Flare mee)eilelel(ciaceis: 018) (ee 
write to Bill Eppick, 
Professional Placement. 
He'll answer your letter 
and send you a color print 
of this Oregon scene if you 
request it. No obligation. 


Professional Placement, 
Tektronix, Inc.., 

P.O. Box 500. E-6 
Beaverton, Oregon 97077. 


PN a oce ele @)e)eleleieialiay 
Employer (M,F, H). 


Tektronix 


COMMIT TED TO EXCELLENCG! 





ByF-lanveyalem atlaltciam@ne)eslanieie-tce)s 


/ Double Shielded Ball Bearing 


Long Life Ceramic Permanent Magnet 


Dynamically Balanced Armature 


Precision PM DC Motors, Gear-Head 
Motors & Motor Generators 


Precision, fractional HP motors for high-speed 
spinner applications, numerical control process 
equipment, tape and film drives, disc drives, servo 
mechanisms, precision scientific and business 
machine drives, and much more. f Je 

Wide range of ‘“‘standard” windings available for | 4) SEND FOR MORE INFORMATION 
fast delivery at the right price. All motors run in for ‘ I | 


- Senet TARE. Can 44900 YF SKANYA) MATIC 
CORP, 





DY INE TIC Dyneti¢ Systems Corporation - PO.BOX S, ELBRIDGE, NY. 13060 
DI D1 EMS Ek River, MN 55330 : PHONE [315] 689-3961 
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POCKET ASC 





TERMINAL 


Here’s $395 worth of convenience for anyone 
working with digital systems. Carry it 

anywhere in a pocket, valise or toolkit to enter 
and retrieve data. run diagnostics, change 
constants, test aata links, etc. 








|Wele) @- hai cmr-loalihii-te 


@ Transmits 128 
SJ @4 | Moreye (= 
@Can display last 30 
characters received 
@Displays full 
oY Bod at: | e-(oa (71 y- 4-1 Oa 
set on clear 16- 
segment LEDs 
@25-line RS232/c 
rete} ualey-hile)(-Mlali-lar-ler-) 
@Single 5V supply 
required at 400mA 
typical 
@ 110 or 300 baud 
transmission selectable 
. @Parity codes, stop bits 
Tito) (-M Comifolelait-laler-ae| 
@Obeys bell, cursor and 
oF: Mle) duit-}@orelalige) Merete (-1 
“Phone or write us for more details now: 


GR ELECTRONICS, 
1640 Fifth Street, & 
Santa Monica, CA 90401. @ 
CTS CORPORATION . — Telephone: (213) 395-4774. 
ELKHART. INDIANA ® . | » Telex: 65-2337 (BT Smedley SNM). @ 
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witha 
3- 3-year Fu arantee: é 


. $97.95 SRA-1 


{500 aty ) 











SRA-1 
Model 


ee range (MHz) 


isolation (dB) 
0.5-5 MH z........... 


5-250 MHz.......... 
250-500 MHz..... 
2. Wel-ieaar:) shock 
3. Gross and fine'lea : 
And the three-year guara 


“ Min. Electronic Attenuation (20 mA) 3 dB Typ. 
re -STD 202). Signal, 1 dB Compression Level + 1 dBm 
A-1 is still only $7. 95! Impedance All Ports, 50 Ohms 


Of course, the additional dds to our cost, LO Power +7 dBm 
Pr ekeiecolOlmexelanclaleiiareMetelasiuiliceil-isid lsicomehar-laeel-lacelaur-lile: 
and reliability unmatched for 0’ -the:shelf 
Double-Balanced Mixers. + 
So, for space or rugged industrial applications, =e ; 
ensure highest system reliability by specifying .. _ : 
SRA-1 mixers, the only Doubled-Balanced Mixers . 
with a three-year guarantee. . . from 
Mini-Circuits where low arice reel -t-mat-Talene ia : 
hand with unmatched quality. 














rgest manufacturer of Double-Balanced Mixers 


Tee iantiic: 


2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 


> B35/Rev/CbL 
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saves yOu > 
sle. Knobpot 
designed 10-turn 


nents that are 


to 


,Tequire less front panel space than mostdials 
and with aE 


oe ee eadout. =8©60h—=—§-§-&w«sC-lockface Readout — 
Diameter ee ee 


_ Standard Resistance ts Ce = oe 
~ Range (Ohms) > A0O100K. 100 00K OOK — 100-500K 


Resistance Tolerance +5% +3% ton eR 

— Repeatability ae : | : ae 

— (Voltage Ratio) ~—60.1% : +0.05% 

~ Power Rating oS : a 
(25°C) 1.5w | 2.0W 
Rotational Life : 
(Revolutions) © 90,000 100,000 100,000 


Mounting Style Snap-in —~- Recessed Cup Bushing Bushing 7 


_ Save time. . .save money. . . save space. Specify Knobpot potentiometers — 
— built only by Bourns. They're in stock now at your local Bourns distributor 
and available for immediate installation. Cali your local Bourns representative 
or distributor for more information and for your new 52 page PP-1 Precision 
Potentiometer catalog. 7 


PRECISIONS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside, CA 92507. 
Ph: 714 781-5122 TWX: 910 332-1252. ? 


European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar, Switzerland. Ph: 042 33 33 33. Telex: 78722. 


For Immediate Application—Circle 130 For Future Application—Circle 230 








